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PREFACE. 






The wonderfid increase of machinery, of all 
lands, that has taken place in England during the 
last thirty years, having been 'mainly produced by 
those improvements made on the Steam Engine 
which led to its general introduction as a first movers 
has conferred great interest and importance on every 
drcumstance connected with the construction, and 
hktory of that magnificent mechanism. 

Several treatises of great merit, describing pairti- 
euhir engines, have been long before the pubUc ; but 
in none of them has the general history of im- 
provement formed any part of the plan of their 
authors. 

With the view of suppling this want, the follow- 
ing compilation was undertaken. It was considered 
too, that the maitorious classes particularly, who are 
engaged in the construction of machinery, and in 
directing its operations when applied to manu&ctures, 
and who, as best knowing its importance, must 
fed a greater interest in the history of Steam 
mechanism, would recdve with indulgence any at- 
tempt to place this' information within the reach 
of their attainment ; for among those whose time 
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is nearly filled up by manual exertions to make " pro- 
vision for the day that is passing over them," a 
waut of leisure must prevent the greater number 
from consulting the numerous volumes in which 
the facts of its history lie scattered — even supposing 
that their means permitted their incurring the great 
expense at which this information could alone be 
purchased. 

In a plan, therefore, which embraced so wide a field, 
and which was yet to be brought within the reach of 
mechanics in general, the distinguishing features 
only of each apparatus could in most cases be noticed ; 
the details of many engines are therefore omitted, 
where they may he similar to any one previously de- 
scribed, or where their office and action may be 
easily understood by what has gone before: this 
omission has also been sometimes made in the Figures. 
Practical men, however, will not object to a very plain 
matter not being repeated, and general readers, 
(should any light on this volume,) by referring to the 
Figures, it is hoped, will find no difficulty in filling 
up the description: but to both classes of readers an 
inspection of a Figure will give a clearer idea of the 
action of machines, (nothing else can explain their 
construction,) than the most lengthened description ; 
— a line of engraving is worth pages of letter-press 
in the explanation of machinery. It was under this 
impression that so great a number of Figures was 
thought necessary, as are given in this volume. Some 
of these Figures have been selected with a view to 
give an idea of the appearance of the Steam Engine 
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at varidtts ^tmes ; and oibets to explain its 'aetioD, 
without any pretensions beyond that of meie esD- 
planatdry diagrams. 

The same leai^ns wliich prompted the omission of 
descriptions of some of the details, have applied to 
die exclusicm of marely theoretic disquisition or infe- 
rence from ttese pageii. This will not probably be 
objected to, since it so happens that the little whidi 
has been done by learned men on this subject is of uo 
practical 'mark or likelihood/ Twenty years ago 
Homblower remarked, ** that the most vulgar stoker 
may turn up his nose at the acutest mathematidaii 
in the world, for, (in the action and construction of 
Steam Engines^) there are cases in which the higher 
powers of the human mind must bend to mere 
mechanical instinct;" and the observation applies 
with greater force now than it did then. 

We know not, therefore, how the remark has ori- 
^nated, or what ^^ philosopher" first claimed for 
theoretic men any part of the honour of being in- 
strumental, even indirectly, in the perfecting of the 
Steam Engine ; or who gave currency to the phrase 
of its " invention being one of the noblest gifts 
that science ever made to mankind!!" The fact 
is, that science, or scientific men, never had any 
thing to do in the matter. It was a toy in the 
hands of all the philosophers who preceded Savery, 
and it again must become a toy before the specula- 
tions of Bossut, the ablest and latest of the philo- 
sophers who have written oq the subject, can be 
made to bear upon it. Indeed, there is no machine 
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or mechanism in which the little that theorists have 
done is more useless. The honour of bringing it to 
its present state of perfection, therefore, behmgs to 
a different and more usefiil class. It arose, was im- 
proyed and perfected by working mechanics-4ind 
by them only ; for tradition has preserved to us the 
&ct of Savery having begun life as a working miner ; 
— ^Newcomen was a blacksmith, and his partner 
Cawley a glazier; — Don Ricardo Trevithick was 
also an operative mechanic; and so was the il- 
lustrious Watt, when he b^an, and after he had 
made his grand improvements. 
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Although the elastic power of the vapour of 
Water must have been familiar to man from the ear- 
liest period of his history, the first recorded observation 
of the fact, and the application of Steain lo generate 
inotiou, appear to have been made by a Greek me- 
chanic, about one hundred and thirty years before 
the Christian era. 

Hero the Elder, who flourished at Alexandria iu 
the reign of Ptolemy Pliiladelphus, was eminently 
distinguished in that age and region of refinement, 
not only for the extent of liis attainments in the 
learning of the time, but also for the number and 
ingenuity of his mechanical inventions. In one of 
his books, he deduced all the laws of what are called 
the mechanical powers from the properties of the ' 
lever. His Spiritatia, or Pneumatica, contains the 
first account of the forcing pump : of a fountain, still 
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knowii by his name, in which water is elevated in a 
jet by the elasticity of condensed air. Among 
other contrivances in the same treatise, he describes 
two machines of his invention ; in one of which a 
rotatory motion is produced by the emission of heated 
sir ; and a similar movement is imparted to the other 
by the reaction of vapour rising from boiling water. 

A pipe, a, is directed by Hero to be inserted under 
the hearth of an altar, (our vignette,) on whicli a fire is 
burning. This pipe, placed in a vertical position, is 
moveable on a pivot, &, resting on the base of the altar. 
Two other pipes, c, d, of smaller diameter, proceed from 
the vertical one in a horizontal direction, having their 
extremities, f,y, open, and turned upwards. A base, 
or drum, g, is attached to the pipes, on which are 
placed small figures in various attitudes. The air at 
the upper extremity of the vertical pipe being heated 
by contact with the under side of the altar hearth, 
is expanded, and descends into the pipe, and pro- ' 
ceeding along the horizontal arms, is expelled at 
their orifices, e, f. This causes them to revolve ' 
round the pivot b, so that the figures which are 
placed on the base g, are carried round with it, and 
appear " to lead the dance, as if they were animated 



It is scarcely necessary to notice the identity of 
this elegant apparatus with that of Barker's mill; 
and that the rotatory motion would be produced, 
as stated by Hero, though not by the emission of 
wa?-m, but through the admission of cold air at the 
orifices in the horizontal arms, in consequence of the 
rarefaction at the upper end of the vertical pipe under 
the liearth of the altar. 
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The second machine is constructed on a similar 
principle ;-~a globe moved on a pivot, by means of 
steam conducted into it from a boiling caldron. 

The caldron or heated vase, p, in the Second Fi- 
gure, is to be closely covered with a lid ; into which 
a pipe, 0, is inserted at one side of its circumference. 
This pipe, after rising vertically for a short distance, 
is bent at right angles. On its horijEontal end is 
placed a small globe, <r, kept in its position by a pipe, 
^, also bent at right angles and fixed to the lid oppo* 
site to o, but terminating in a pivot, g, on which the 
little globe revolves. This globe is Aimished with 
two small pipes, z, tc, bent at their extremities and 
open. The steam from the boiling water in p, rising 
through the pipe o, is admitted at s into the globe ; 
and issuing through the bent tubes z, w, causes the 
sphere to revolve as if it were '' actuated from within 
by a spirit." * 

This simple and effective apparatus, though de- 
scribed but as a philosophical toy, is curious, as being 
the primitive mode in which steam w^s applied to 
produce motion, and as conferring on Hero the honour 
of having invented and constructed the first steam 

ENGINE, f 

* The Spiritalia was first edited by Commandine» in 1571. 
It is also printed in the splendid folio collection of the works 
of the Ancient Mathematicians^ published at Paris in 1693. The. 
Greek text is accompanied with a Latin translation. The de- 
scriptions of the two machines, we have described, are in page 
202 of that edition. 

t It 18 a remarkable circumstance, too, that this Greek 
scheme should be revived as ^n iijaprovement upon the aknoit 
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No other notice of Steam as a first mover occurs in 
the works of ancient authors; nor in modern writers 
until about the year 1563 ; when one Mathesius, in a 
volume of sermons, entitled Sarepta, hints at the pos- 
sibility of constructing an apparatus similar in its 
operation and properties to those of the modern 
Steam Engine.* About thirty years after this period, 
what is called a " IV^hirling OelipUe" (shewn in the 
Third Figure,) is described in a book printed at 
Leipsigf, wherein it ia stated to be exceedingly well 
adapted to the purpose of turning the spit for the cook. 
And among other economical reasons urged for its 
adoption, is that "it eats nothing, and gives withal 
an assurance to those partaking of the feast, whose 
suspicious natures nurse queasy appetites, that the 
haunch has not been pawed by the turnspit (in the 
absence of the housewife's eye), for the pleasure of 
licking his unclean fingers." 

A small quantity of water is introduced into the 
globe, x\ (in tlie Third Figure,) which is rarefied 
into steam by a fire made under it. The vapour 
issues at the necks a and b, and by its reaction a 
continuous motion is generated. 

Solomon De Caus |, an eminent French engineer 

perfect modern meclianism; first by Kpnii>el, a Germnn, alrout 
1785 ; and by a Mr. Sadler oi' Oxford in L791, al wliich time 
he obtained a {latent for lits invention. 

• Young's Catal. Nat, Philos. p. je6S. 

t In 1597. 

; Les Raisons des Force mouvantes avec diverg Desseins tie 
Fontaines, folio, Paris 36S4. Dr. Brewster gives the date of 
ISlfi to De Caus's book ; if correct, it is probably that of an 
earlier edition, which we have 
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THE ST£AM ENGINE. 5 

and mathematician, in 1624, describes an engine 
acting by the elasticity of Steam. It consists of a 
spherical vessel, m, w^ placed over a fire. This vessel 
lias two apertures ; into one is fitted a pipe, n, whidi 
lias a stop-cock, o, and funnel a : this supplies water 
to the boiler. The other orifice has a pipe, Wj which 
descends through the water, until it nearly touches 
the bottom of the vessel, and rises to some conve-. 
nient height above it. When the water, jc, becomet* 
heated, De Caiis'says, that the increased bulk of the 
vapour fi^ices the water up the pipe a?, which issues 
in a jet at b. '. JDe Cans was also acquainted with the: 
facty llial Steam could be condensed into its own* 
weight of water ; but he appears to have been igno*' 
rant of any mode of applying this property to aid 
the effect of his fountain. 

The first person in modern times who appUed the 
expansive ]^wer of Steam on any scale to a useful 
practical purpose, was Giovanni Branca, an eminent 
Italian mathematician, who resided at Rome in the^ 
beginiiihg of the seventeenth century. His con* 
tri Vance. was an oelipile, from which steam issued,' 
upon a wheel formed with float-boards or vanes like 
a water-wheel or wind-mill, and thus produced a 
rotatory movement. This wheel, by some interme- 
diate mechanism, gave motion to the stampers of a 
mill for pounding drugs. Our Fifth Figure is copied 
from that given by Branca to explain his invention ; 
but it must be considered only as an omamebtal and 
picturesque illustration of the principle by which he 
produced the moving power in his stamping- mill; not 
as a view of any part of the machinery which was ac- 
tually constructed, a, is a boiler in the shape of a 



6 A DESCEIPTIVli HISTORY OF 

Negro's head, b, a pipe proceeding from it, which 
conducts the steam upon the yanes or boards of a 
wheel, w. Other wheels, e, f, are attached in the 
usual manner to communicate the motion in the • 
required direction.* — ■ 

It is on accountf^f tjii's contrivance that Branca is 
considered by his countrymen to bo the inventor of 
the Steam Engine ; and even in a recent English 
workf on the subject, he is allowed the merit of ajirst 
idea. To this he certainly has no claim ; neither can 
his engine be compared with Hero's for its ingenuity, 
nor to Do Caus's for its efficiency. Besides, long be-- 
fore this period, the same mechanism was described 
by Cardan as moved by the " vapour from fire." And 
the mere substitution of steam by the Italian philoso- 
pher is not so original or important, as to give to the 
transition the rank of an invention. Branca was, 
however, a man of much ingenuity, and many of his 
machines are highly creditable to his abilities as a 
scientific mechanic. 

The elasticity of the vapour of water, which had 
long been known to philosophers, but to them only, 
had now become familiar to water-woik artists ; and 
in their bauds it was applied in a variety of ways to 
their favourite problem of raising water above its 



" Branca'a account of his contrivance is contained in a fbUo! 
volume of machines, which he dedicated in 1628 to a M. Canci,. 
Governor of Loretto. It was published at Rome in 1629, under 
the title of " Le Machine diverse del Signior Giovanni Branca.' ' 
Our engraving is contained in plate XXV of that collection, 

i Partington's Historical Account of the Steam Engine. 
London, 18S3. 
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TH£ STEAM ENGINE. 7 

4evel in jets and fountains. Without vouching for 
the great effects said to he produced hj these ma- 
chines,' we will describe two, as necessary to give a 
dear notion of the value of these conceits, and as 
specimens of the ingenious absurdities, which, under 
the name of Air Engines^ were recommended even 
by experienced engineers about this period. The 
tiiachines themselves, under another form, are to be 
&und in the Spiritalia. The book from which they 
ate extracted in their present shape was one of some 
reputation in its day. and many years afker its pub- 
lication it was thought worthy of being translated 
into English. The translation went through two 
editions.* 

The Sixth Figure represents a " Very svbtU 
engine to raise Water by means of the Sun ;" which, 
according to its inventor, '* hath great effect in hot 
places, as in Spain and Italy; because in those places 
the sun shines almost always with great heat, eiipe«> 
dally in the summer." And they are to be oon- 
strudbed aifter this manner : — 

You must have four vesseb of copper, (in our en- 
graving we have only shewn two, n, n,) well soldered* 
round about, each of which must be about a foot 
square, and dght or nine inches high. A pipe, s ^, 
is placed on each vessel, having other pipes, to, w^ 
attached to it, reaching almost to its bottom. A 



• "New and useful Inventions for Water Works: a work 
tx)tli useful and delightful for all sorts of people; translated into 
English hy John Leak." The plates appear to hkxt h^^ those 
used in the French edition. 
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sucker, or valve, z, is placetl in the middle of the 
pipes, made and placed so that, when the water ' 
springs out of the vessels, it may open, and being gone 
forth, may shut again. You must also have another 
pipe, a, a, with small pipes, o, o, rising upwards at 
the bottom of these vessels, and also a sucker {oi 
valve e) to the end of which there is a pipe m, 
which descends into the water in the cistern r. To 
the copper vessels n, n, there shall also be vent-holes 
X, x. So placing the engine in a place where the 
sun may shine upon it, pour water into the vessels m, 
n, by the holes x, to about a third part of their con- 
tent ; the air with which they were previously filled 
will pass out by the passages. ^Vfteiwards yon miiRt 
stop all these passages ; " and then the sun shining 
upon the engine shall make an expression because of 
the heat, which causeth the water to rise from all the 
vessels by the jiipes w xv, and pass forth by the valve z ; 
and when there shnll be a great quantity of water run 
forth by the violence of the heat of the sun, then the 
valve z shall return ; and after the heat of the day is 
passed, and the night shall come, the vessels, to shun 
vacuity, shall draw up the water of the cistern by the 
pipe a, o, tn, and shall fill the vessels as they were | 
before, so long as there is any water in the cistern." 

But, continues the translator, if you desire to raise ' 
the water five or six feet high, " the foregoing engine 
cannot raise it if the sun does not shine with great 
violence." " To increase the force of the Sun," he 
proposes to improve the " Subtil Engine" by forming 
the copper vessels, as shewn in the Seventh Figure, 
where a, a, are burning glasses well fitted into the , 
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sides of the copper vessels. These glasses Are placed 
towards the south and west^ *^tJbat the sun shining 
upon them may assemble the rays of the sun within 
the said vessels, which ^ipvill cause a gteatlieat to the 
water, and by that means make it.spridg fiurth in 
great abundance. ' x^is Ift^ yopper'^^easel communi- 
cating by the pipe o, witR^the pijiie and valve E in the 
dstem w. n, N, are pipes in which the water rises 
through T, into the fountain placed over it. 2 is a floor 
over the cistern for supporting the copper vessels. 

The learned and ingenious JBishop Wilkins is the 
first English author who mentions the possibility of 
moving a machine by the elastic force of Steam. 
Speaking of giving motion by wind or air, " Some* 
thing of this nature," says the Bishop, ^^ are the 
odipUes, which are concave vessels, consisting of some 
such material as may endure the fire, having a small 
• hole, at which they are filled with water ; and out of 
which, when the vessels are heated, the air doth issue 
with a strong and lasting violence. These are fre«> 
quently used for exciting and contracting of heat in 
the melting of glasses or metals. They may also be 
contrived for sundry other pleasant uses ; as for mov- 
ing of sails in a chimney-corner ; the motion of which 
s^ may be applied to the turning of a spit or the 
like."* 

This is Cardan's application, and Branea's engine. 
The whole passage is curious ; for, from the manner 
in which the moving of sails is mentioned by the 
Bishop, the contrivance would appear to have been 
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used in England at this period. We have now 
no meaus of ascertaining whether it was known in 
England, or to the Bishop, hefore the date of Branca'S 
hook ; or whether it was copied from the design of 
that ingenious Italian. 

But among all those whose names are associated with 
the history of the Steam Engine in its infant stages, 
a Marquis of Worcester, who lived in the reign of 
Charles II., is by far the most celebrated. This dis- 
tinction is the more extraordinary, when we take into 
consideration the neglect with which his extravagant 
pretensions to the merit of discoveries were treated 
in hisHfe time; the studied brevity, vagueness, and 
obscurity of those descriptions of his contrivances, on 
which he rested his claim of merit and his demand 
for encouragement ; and the long oblivion in which 
they lay after his death— that brilliant homage which 
in our time is awarded to his mechanical genius, aB • 
far transcending his real merit, as it was unjustly 
under- rated by the total neglect of his contemporaries. 

His claims to invention, after all, resting solely oO 
his own account of the uses and wontlcrful proper- 
ties of his contrivances, the confidence which is due 
to those statements can only be fairly estimated by ' 
a reference to the general probity of the Marquis's 
character ; a test, which, if Lord Orford's sketch 
bears any resemblance to the original, will deter us 
from placing any reliance whatever on the unverified 
esplanationa in the " Century of Inventions." * 

• " Ednard Someraet," saya Walpole, " appears in a very 
different light in his public character, sad in that of an author. 
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This book, on the ineritfl of which its author was 
'loud in his demand for national patronage, called by 
^Walpole with miich truth " an amazing piece of 
£>Uy/' was published by the Marquis himself, under 
the title of " A Century of the Names and Scant- 
lings of such Inyentiohs as at present I can call to 
onind to have tried and perfected, (my former notes 
lieing lost,) 1663."* It had two dedications : the 
£rst to King Charles XL; and the second to both 
fiouses of Parliament. In the second address he 
affirms having, in the presence of the King, per- 

In the fonner, he was an active zealot ; and in the latter, a fan- 
tastic mechanic : in hoth very credulous." He was sent hy 
Xing Charles into Ireland to negotiate with the rehel Catholics ; 
%tit he IB said to have exceeded some instructions, and to have 
forged others ; which were disowned hy the King, though he 
shielded the Marquis (then Earl of Glamorgan) from the conse- 
quences* *^ With all his affection for the Earl, the King mentions, 
in two of his letters, his want of judgment : perhaps his Ma- 
jesty tf as glad to trust to his indiscretion, with which the Earl 
seenis ^eatly furnished. We find him taking oath upon oaths 
to the Pope's nuncio, with promises of unlimited obedience 
'both to his Holiness and to his delegate; and begging five 
hundred pounds of the Irish clergy, to enable him to embark, 
and fetch fifly thousand pounds ; like an alchymist who begs a 
trifle bf money for the secret of making gold. In another letter 
he ph)mide8 two hundred thousand crowns, ten thousand stand 
of arms for foot, two thousand cases of pistols, eight hundred 
barrels of powder, and thirty or forty ships well provided.*' 
(Walpole.) And all that, when, according to a contemporary, 
'^hehad not a groat in his purse, or as much gunpowder as would 
scare a corbie.'' 

• The manuscript of the " Century of Inventions" is pre* 
served among the Harleian Papers in the British Museum, and 
is numbered ^428 in thait collection. 
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formed mtoy of the *' feats'^ mentioned in his panij[)h' 
let. The sixty-eighth article or description in this 
book, is that on which is generally rested his claim 
to the honour of having invented the Steam Engine; 
It is in these words : — 

** I have invented an admirable and forciUe way 
to draw up water by fire ; not by drawing or sucking 
it upwards, for that must be, as the philosopher terms 
it, infra sphwravi actimtatis, which is but at such a 
distance ; but this way hath no bounder, if the vessel 
be strong enough. For I have taken a piece of a 
whole cannon, whereof the end was burst, and filled 
it three quarters full of water^ stopping and screwing 
up the brokeii end^ as also the touch-hole, and mai* 
king a constant fire under it : within twenty-four 
hours it burst, and made a great crack. So that ha- 
ving a way to make my vessels, so that they are 
strengthened by the force within them, and the one 
to fill after the other, I have seen the water run like 
a constant stream forty feet high. One vessel of 
water rarefied by fire, driveth up forty of cold water; 
and a man that tends the work has but to turn two 
cocks; that one vessel of water being consumed, 
another begins to force and refill with cold water, .aiid 
so succesdvely ; the fire being tended and kept con- 
stant, which the self same person may likewise abun- 
dantly perform in the interim between the necessity 
of turuing said cocks." * 

• The "Century of Inventions" was first printed in l^mo. in 
1683. It was reprinted in 1746, and was then supposed to be 
edited by Desaguliers. Another edition was printed at Glas- 
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This account, according to Professor Robisou, 
" although by no means fit to give iis any distinct no- 
tions of the structure and operation of his engine, is 
exact as far as it goes, agreeing precisely with what 
we know of the subject." But the , Professor after- 
wards adds, " that the account in the 'Century of 
Inventions' could instruct no person who was not 
sufficiently acquainted with the properties of Steam, 
to beahle to invent the machine fiiinse/f." And yet 
in the same treatise the Doctor says, the Steaict 
Engine " was beyond all doubt invented by the 
Marquis of Worcester !" Hero's, De Caus's, and 
Branea's engines were unknown to Dr. Robison : 
not so the overwhelming quackery of the Marquis of 
Worcester*, and the absurd extravagance of his 
pretensions. 

gow in ir67, after Mr. WaU Imil invented liis engine. A ihirj 
reprint is date il London, 176!) : a fuuicli w&s edited by Mr. John 
Buddie, of Newcastle, in 1813; to this is annexed an historical' 
nccount of the Steam Engine for raising water. The entire' 
work is also to be found in the first volume of the Repertory o^ I 
Arts ; and in the second volume of the third edition of Gre-. 
gory's Mechanics. ; 

' " He appears to have been a nobleman of much knowledge 
and ingenuity ; buthia dcscriptiona, oraecouuts ofhis inventiona, 
aeem not so much intended lo instruct the public, as to raise 
wonder ; and his encomiums on their utility and importance ' 
are to a degree extravagant, resembling more the puff of an 
advertising tradesman, than the patriotic commimications of^ 
a gentleman. He was indeed a projector." 

Ruhisvn, Enci). Brit. art. Sicam Engine. 

Mr. Millington's apology for the early neglect of Lord Wor^-' 
ccHtcr's schemes is byl^r the most ingenious : but even he admits 
" that several of his contrivauces appear so extravagant, and 
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With the slight alteration of substituting one 
. pipe in the centre, for a. pipe placed at each extremity 
in Mr. Millington's arrangement, our Eighth Figure 
represents an apparatus which that ingenious me- 
chanic has designed from the account in the Century 
of Inventions. The failure of a person of so much 
judgment and experience in the combination of 
Steam machinery, to produce an engine fulfilling the 
conditions of the enigma, and no more, gives us a 
pretty clear notion of the value of the claim to dis- 
coYPry, by showing the impossibility of the problem. 

The two spherical vessels a, o, in the Eighth Fi- 
gure, have two pipes, d,/, proceeding from them, and , 
inserted into a boiler, ff. These pipes have two stop- 
cocks, s, xo, which shut off the communication between 
the boiler and the vessels. From another part of the 
vessels proceed two other pipes, having valves at s, ac, 
opening outwards, and terminating in a single pipe, 
e. The spherical vessels have each another valve 
opening inwards, and a very short pipe, n, v ; the 
pipe n, e, rises forty feet, and terminates in the re- 
servoir u. b, is a section of the fire-grate, under the 
boiler e; t, the door of the fire-place; /, the brick- 
work ; g, the ash-pit ; and h, is a reservoir of water 
in which the vessels o, a, are placed, and which is to 
be elevated into the cistern u. 

If we now suppose a sufficient quantity of steam 
to be generated in the boiler c, from the water g, 

so far beyond the reach of human power, that many have 
doubted whether they were invented or not," 

Epitime of Nat. Phil. vol. I, 1823. 
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and the stop-cock z,. opened so as to allow a free eom»- 
munication between the boiler wd the vessels in the 
reservoir, the steam will descend in the pipe d, (the 
pipes and vessels being made or cased with some 
material to prevent the condensation pf, the steam by 
the water in the reserYoif^i,4nta,*W vessel a, and 
will expel all the water of air' which it may cbn-^ 
tain through the valve s, into the pipe e, which wiU 
deliver' it into the reservoir u. The cock z is now 
to be shut, and the valve v, being freed from the 
pressure of the elastic vapour, will be forced inwards 
by the gravity of the water in the reservoir, which 
will speedily fill the vessel a. But when the cock z, 
is shut, the opposite one, w, is opened, and the steam 
from, the boiler raises the water which may be con-s 
tained in o, up the pipe e, closing in this operation the 
valve s. When the vessel o, is filled with steam, the 
cock w, is shut, and the water in the reservoir rushes 
into 0, as it did into a, and fills it. The cock z, is 
now opened^ and the steam again expels the water 
from the vessel a; and so on successively, so long as 
steam is produced in the boiler, and the cocks z, tv, 
are opened and shut alternately. 

Mr. Millington remarks, that this engine agrees 
so £ar with the Marquis of Worcester's description, 
where he says, that ** a man has but to turn two 
cocks, and that one vessel of water being consumed^ 
another begins to force and refill." He also observes, 
that the condensation of the steam opens and shuts 
the valves, and fills the vessiels, but that this use of 
the vacuum is part of an. invention to which the Mar-. 
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^qois bat nodaiiii, his LOTdthip ezpfody staliiif , iimt 
** the water i9 not faiicd bj dnwii^ or sodEH^ it 
upwards." The ^ force and refill'' in tlie crigkud 
iMeoont woold almost lead to a soppositioii that 
these opeiatioiis were going on at the same momenty 
in the same vessd. The arrangement of pipes and 
eocks and valves is also gratuitoos. 

The ^ admirable method of drawing up water by 
fireT appears to have been the favourite project of the 
noble inventor ; for he afterwards devoted a separate 
book to an ennmeration of its extraordinary uses 
and powers, under the title of an '^ Exact and Triie 
Definition of the most stupendous Water eommand* 
ing Engine, invented by the Right HpnouraUe (and 
draervedly to be praised and admired) Edward So« 
merset. Lord Marquis of Worcester; and by his 
Lordship himself presented to his most excellent Ma« 
jesty Charles the Second, our most gracious Sove* 
reign." This '' Exact and True Definition" is a 
quarto pamphlet, of twenty-two pages; but instead 
of a definition^ it contains only an enumeration of 
the marvellotis uses of his invention, as vaguely and 
obscurely written as those in the " Century of Inven-. 
tions.'- The rest of the pamphlet is filled up with 
an Act of Parliament, allowing him the monopoly of 
such an engine, and reserving the tenth part of the 
profits to the King, with four wretched verses of. AU 
otvUf in commendation of his invention; with the 
** Eongi mofaumeriiwm!' of Horace, and the ^ jBar<* 
hara Pyramidam sileat,'' of Martial. Some Latin 
and English verses, panegyrizing the noble inventor. 
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writtem by James Rollock/an old dependant of his 
LiordsMp, complete the volume. 

If the Marquis ever made an experiment on the 
dasticity of steam, (for the bursting of the cannon 
18 a truly questionable one,) or if he ever attempted 
t6 carry his project into execution by constructing 
an engine, all records of his experiment and appara- 
tus are lost. The more probable opinion is, that he 
never made either the one or the other ; and this sur- 
mise is almost strengthened into a certainty, from 
a dause in the Act of Parliament, granting him 
liie privilege of monopoly ; for it is there expressly 
stated, (and the statement is a proof that the pro- 
eeeding was an unusual one,) that the patent was 
secured to the Marquis, ** on his simple affirmation 
of bis having made the discovery." It were almost 
superfluous to suggest the improbability of this state- 
ment having been made, if he could have referred 
to tlie evidence of an engine or of an experiment. 

Tradition has preserved nothing on this subject, 
except an anecdote* of the Marquis's attention hav- 
ing been first drawn to the amazing force of steam, 
from observing the rising of the lid of a vessel 
which was employed in some culinary operation in 
his chamber, when he was confined in the Tower of 
London. We should, however, pay a sorry compli- 
moit to that "learning and industry** for which 
this nobleman is almost as much celebrated as for 
his ingenuity, were we to suppose him ignorant of 
Branca's book ; or of De Caus's inventions, pub- 

♦ ** A Treatise on Propelling Vessels by Steam, by Robertson 
Buchanan, Civil Engineer," Glasgow, 1816, p. 16. 

C 
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lished so near his time, in a country where he 
resided many years, and where the volume which 

|4nntaine<t them was a common book of reference to 
)Ae philosopher and mechanic, even to a period long 
irfier that of the publication of the " Century of In- 
TentioDs." And, lastly, wc must suppose the Mar- 
quis acquainted with his contemporary Dr. Wilkins'a 
^ject of the Oelipile. 
, It must, however, be acknowledged, that although 
}a.B merit is at an immeasurable distance from that of 
ike inventor, the Marquisof Worcester is entitled to 
some mention as the probable projector of an improve- 
ment in Steam Engine Apparatus, He may have 
imagined the advantages which would arise from add- 
ing another vessel to De Caus's contrivance, (shewn 
in the Fourth Figure,} in which the steam might 
be generated, and then admitted into a second vessel 
tilled with cold water. But even this improvement 
(and it is an important one) can only be allowed to 
his Lordship after making an emendation, or correct- 
ing an error, in his account in the " Century of In- 
ventions.' Instead of reading " to force and refill 
_ with cold water," it would be necessary to say, " to 
HH farce and empty of cold water." * Yet the manuscript 

^^™ • Dr. Brewster has made the correction, althougli in other 
words. He reads, " One vessel of water being consumed, 
another begins to force, and then to till itself with cold water." 
This is not only at variance with the spirit of the text, but 
with the process, — for the water is forced. The latter pare of 
this uniRtelligible description, in the original, ought probably 
to be read as if the Marquis's apparatus consisted of two vessels 
similar to De Caus's, mthout a separate boiler. It would then 
be clear enough, and the Doctor's emendation would follow as 
3 matter of course. 
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ill the British Museum agrees, in the usual reading 
vnAi the printed copies. 

From the opinion we have expressed of its being 
praettcally impossible to produce an apparatus fulfilU 
ing off the conditions of the deseription in the ^ Cen- 
tury of Inventions/' without introducing parts vfhich 
are niK{iie8tionably due to the inventive genius of 
other me^anics, it is with great diffidence we pro* 
pose the apparatus represented in the Ninth Figure^ 
as behig nearer to the description than that shewn 
in the £ighth Figure, in so far as not tmrig tlie 
pressure of the atmosphere^ which the Marquis 
states a principle of his engine. 

But, after all, it is impossible to decide from 
Lord WorcesterV diescription whether txjoo boilers 
are meant, and* one receixmg vessel; — or two 
X^essels, and one boiler? Or only two vessels, like 
Do Causes, probably having each an eduction- 
pi]^ and the proper cocks, to produce a con- 
tinuity in the stream of water ? — as in the Ninth 
figure where the dotted lines rising from the 
vessel a, would then represent this pipe, the fire 
being made under each boiler alternately. And, 
when mention is made of one vessel of water 
rnrefied by fire, driving up forty of cold water, 
should not this he understood as the proportion 
i^ wHter which would be converted into steam, 
in ord^' to raise the remaining portion^ in the 
$ame vessel^ forty feet high ? An apparatus 
designed on this supposition, would satisfy the 
deseription nearer than any. 

Having so wide a choice, we will give the Mar- 

c 2 



20 A DESCKIPTIVE HISTOllY OP 

quia credit for an apparatus for generating the steam 
in a separate boiler, a, will therefore be that 
boiler ; c, a pipe (having a stop-cock d,) connecting 
the boiler with the cold water vessel c, from which 
proceeds the eduction-pipe J; g, a pipe and funnel, 
to supply the boiler with water ; h, a similar pipe- 
cock to supply the vessel e, with cold water, connected 
with a cistern, from which the water is to be raised ; 
i, is a stop-cock on this pipe ; k, a valve to prevent 
the return of the water which may be in the upper 
part of the pipe /. 

When tlie steam in the boiler a, is allowed to 
enter tlie cold water vessel e, by turning the cock d, 
the water is raised in a jet through/", until the vessel 
e, is emptied. When this is the case, the cock d, 
is shut, and i, is opened, and the Vessel f, is again 
filled witli cold water. The cock i, is then shut, 
and the stop-cock d, is evened; and the steam &om 
tlie boiler pressing on the surface of the water in e, 
forces it up the pipe /. ^Vhen this is emptied the 
same operation is repeated, and so on successively. 
So that here the condition of the alternate opening 
and shutting two cocks is fulfilled; also the forcing 
and refilling of the vessels ; and one vessel of water 
rarefied by fire would elevate double the quantity of 
that stated by the Warquis. 

After the death of the late Doctor Robison of 
Edinburgh, there was a " List of Dr. Hooke's In- 
ventions" found among the Professor's papers, which 
contained the following memorandum : *' 1678, pro- 
posed a Steam Engine on Newcomen"s principle:" — 



Fig. 9. LORD WORCESTEE'S ENGINE, Page 30. 




THE NEW YORK 

PUBLIC library; 



■•■ 



ASTTDRj LENOX *^N0 
TILiEN FOUN[MTWII«. 



> . ' 



-- .-v 



THE STEAM ENGINE. 21 

a note, it is to be regretted, that the biographer* has 
allowed to remain without any comment ; it being pro- 
baUe^ from his known erudition, that he conld have 
8a]fp]ied the quotation oftMithority fvom Hooke's 
writings. It would also havFb^ interesting to have 
ascertained, whether this memorandum was made by 
Dr. Robison before or after his having written the 
excellent account of the Steam Engine in the En* 
cyclopedia Britannica. The project was either un- 
known to the Professor, at the period of publishing 
the article alluded to ; or it was rejected on account 
of its questionable character. In the edition of that 
accounlylf lately printed, no notice whatever is taken 
of Hooke's idea. The proposal has never presented 
itself to us in our perusal of the works of this most 
philosophical of modern mechanics. 

No &rther public attempt to raise water by steain 
(for hitherto, with one exception, this appears to 
have been the grand problem for solution,) was made 
until some years after the Marquis of Worcester's 
death; when, in 1682, we find Sir Samuel Moreland, 
^ Paris, endeavouring to obtain the patronage 
of the French Government towards a scheme which 
he claims as his own, for raising water by the 
force of steam. In 1683 he exhibited his invention 

* Edin. Encyclop. Memoir of Hooke by Brewster. 

t Robison's Mecbanical Philosophy, 18£S. A reprint of the 
various articles which were first published by Dr. Robison in * 
the Encyclopaedia Britannica. The notes to the article Steam 
Engine, in this collection, were written by the late venerable 
Mr. Watt of Soho. 
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to the French King at St. Germam's; but he ap- 
pears to Iiave been unsuccessful in his application to 
Uiat Court for encouragement. No description of his 
apparatus, or of the principle or mode of its action, 
is known to be in existence. Fortunately, however, 
the results of some experiments made by Sir Samuel 
upon the elasticity of steam, are still preserved among 
the manuscripts in the British Museum.* 

Sir Samuel's account is in the French language, 
Tvritten on vellum, in a very beautiful hand, and 
highly ornamented. The volume is stated on its 
title-page to have been presented to the King of 
France by Sir Samuel JVIoreland, Master qf Me- 
chanics to the King of Fnglaud. It consists of 
twenty-two pages only, and purports to be au account 
of various machines for raising water. The part 
relating to the Steam Engine does not quite occupy 
lour pages. Considering the period in which this 
portion of it waa written, it is a very remarkable 
performance. 

" Water being evaiiorated," says Sir Samuel, " by 
the force of fire, its vapour occupies a much larger 
space (about two thousand times) than it occupied 
before. And its power is so prodigious, as, if it 
were closely confined, to burst a cannon ; but b^ng 
governed upon statical principles, and by science 
reduced to measure, weight, and balance, it then 
bears itself quietly under the harness, (like good 
horses,) and becomes of great use to mankind, par- 
ticularly for the raising of water, according to the 
following table, which shews the number of pounds 

• Harlciaa MSS. No. 5771. 
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(Fieneh) ireiglit whieh may be raised to the height 
of tkL mdies eighteen hundred times s minute^ in 
c^iiaden about half filled with water; as wdl as tba 
dJflBWint diametera and depUis of the cyUndevs. 
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CYLINDERS. Pounds weight to be 

kiVeiBl. Leng^k 1b Feet. raiied. 

1 S 15 

« ., 4 ...., 1«0 

S « 6 ..««.« 405 

4 8 960 

5 .> 10 1875 

6 12 3240 
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Ni9Bi)>er of CylinderSf liaFing Required to raise the foilowing 

a Aamefeer of6Feet9 and numbers ofFounds weight of 

ft length of 12 Beet, Water. 

1 8,240 

2 6,480 

8 9,720 

4 .•. 12,960 

5 16,200 

6 19,440 

7 22,680 

8 25,920 

9 29,160 

10 *..... 82,400 

20 ,. 64,800 

SO ...•.•.•.,.,,-.., 97,200 

40 129,600 

50 162,000 

60 194,400 

7^ 226,000 

fiO 239,000 

90* 291,610" 

Sir Samuels experiments must have been made 
?rith eonsiderable care; and it is highly honourable 
to his mechanical accuracy that his estimate of the 
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rate of expansion of water, when converted into 
steam, should coincide with that which is given by 
sn experienced engineer in the most recent book on 
the subject, as an approximation to be relied on in 
practice. Desaguliers long afterwards stated this 
expansion at 14,000 times! his estimate remain- 
ing unquestioned for more than half a century, 
is to be found in all books published prior to about 
1800 ; when Professor Robison gave Mr. Watt's 
experiments, in which it was made between 18 and 
1900 times the volume of water which produced it. 
The mode, too, of stating the quantity of water, which 
may be raised a certain height a given number of 
times in a minute, is still the modem method of 
estimating the power of Steam Engines. It is an 
obvious remark, that Sir Samuel must have been 
acquainted with the description in the " Century of 
Inventions," from quoting the Marquis of Worces- 
ter's improbable experiment as an illustration of 
the force of vapour. Lord Worcester had been 
dead several years before the date of Sir Samuel's 
exhibition of his apparatus ; and whatever was its 
arrangement or principle, he is entitled to the merit 
of being the first accurate experimenter on the clastic 
force of steam.* 

It has been remarked as a curious circumstance in 
the history of the Steam Engine, that almost every 
one who made an improvement, cither in its con- 

* In the last edition of Ferguson's Mccfaanics, by Dr. Brew- 
ster, the expansion of steam is stated aa it was given by 
Ferguson afler Deaagtiliers, at 14,000 times ; in no part of tbe 
excellent supplementary volume is there a correction made, or 
tlie true espansion stated — an error of moment, as the book has 
deservedly found its way into tlic liuuils of almost every mechanic. 
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stntctian ' or application, laid claim to the cxdutive 
merit of having invented the engine. Dr. Denys 
FapiOy .a. native of Blois, a man of great ingenuity, 
and Af leoQfliderable acquirements as a philosopher, is 
QOfcndertsd by his countrymen to be the true inventor 
of: Jthe Steam En^nc : a claim strongly contested by 
soBie iEkiglish authors of eminence who have written 
<m; the Bubjecty-^but on grounds which appear to 
have been taken from very erroneous and prejudiced 
stetomenta. It is due to Papin to state, that no 
olie,: whose labours have produced so many important 
reaidts, has in his writings shewn so little of the 
vanity and absurd enthusiasm proverbially charao* 
teristic . of . an inventor. 

. Fapin's^<^< project* — ^and it is necessary to keep 
this in remembrance — ^was to procure a first power 
by. an air-pump. This sdieme he announced as 
a means of enabling him to transmit to consider* 
able, distances the action of a mill, by means of 
pipes. The cylinders of air-pumps at one extremity 
* were made to communicate by pipes, with equal 
cylinders placed at the other and distant end, which 

* The Ada Eruditorum of Leipsig for 1685 contain some 
comnninications by Papin. One of these is a description of a 
new* machine to raise water, which is further noticed in the same 
Journal, in June^ and again in the August following ; and in the 
NouvtUes de la RipuhUque des liCitres, for July 1687, is a reply 
by Papin, to some objections raised against this apparatus by M. 
Nuit. He had invented the mode of dissolving bones by Steam 
of a very high temperature in 1681 ; an account of which he 
pobliahed in English in that year, and with some improvements 
ia 168^ ip French, under the title of " Le Maniere d'emollir les 
Os et de &dre cuire toutes sortes des Viandes en peu de tems 
et a peu de fraix." In this '' Digester" Papin first introduced 
a " Safety-valve." 
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by some intermediate mechanism were there connect- 
ed to the piston-rods of the pumps of a mine. When 
the mill was put in motion, (by a fall of water, for 
sample,) the pistons of the cylinders to which it was 
attached were elevated or depressed, as it might be, 
and the pistons at the other distant extremity of the 
pipe had an opposite upward or downward moTe- 
ment. AYhen the pistons, for instance, attached 
to the mill were elevated, the others were depressed, 
and so on successively. This project failed even 
on the small scale of an experiment, &om the prodi- 
gious resistance of the piston, even when one cylinder 
was attached to the other cylinder by a pipe of only 
a few inches in length, and the slowness with wbidi 
the motion could be communicated. This, Pt^iin 
endeavoured to obviate, by employing some other 
means of making a vacuum under the cylinder, than 
that of pumptjig out the car by the mill. In 1688, 
he described an improvement* of displacing the air 
in the cyhndcr under the piston, by explodiug^vn- 
powder: but here again it was found that the power 
was trifling, for without endangering bis apparatus he 
never could make the gaseous product in the under 
part of his cylinder so entirely fill its capacity as. to 
have no air under the piston. It was now pointed out 
to Papin, by Dr. Hooke and others, that however per- 
fect the exhanstion might be in the Jirsl and second 
projects, if the pipe of communication ^vere of any 
length, the compressibility of the air (keeping its frio- 
tjou out of the question) was so great, that ooless hie 
cylinder was enormously long, \qt the strxA-e of his 
s it is technically termed,) the motion of the 

1.410. 
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jpbten at the other end would be imperoeptible. 
Hiwcvar, mi 1690, when he puUiriied ib a eepiEate 
fi)rm his description of this mode of using ganpofvdert 
the idtt of transmitting motion to a greet distanee 
tns.:pGi6ctad by his forming a xmcuum not only 
iKukr the piston, but in the pipe of commumcatiom. 
Stitt ^lis idieme, although ingenious, Papin nw 
MMe «as nearly impcadiGafale, from the great dUif- 
ftnky of afartncti&g die air by the air-pump or gun« 
povdelr; .and, among other auxiliary methods tvhidi 
he an^geated fiur obriating this imperfection, is the 
md of employing steam for forming the vtumum 
undgr the piston ; and also Jbr raising that pisUm 
iffite elasticity. In this paper he shews, that in 
a little water, changed into steam by means of fire, 
we can have an elastic power like air ; but tihat it 
totally disappears when chilled, and changes into 
ymtet; by which means he perceived, that he 
Qtidd oontrire a madiine in such a manner, that 
with a small fire he would be able, at a trifling ex** 
pease, to have a perfect vacuum, which, he admitted, 
ooidd not be obtained by gunpowder. 

In a collection of letters desmbing some of his 
iaventiciis, this machine is the subject of his fourth 
comittunseation. After noticing the difficulty of 
making a vacuum by gunpowder— *• Where there 
may not be the conveniency of a near river, to 
play tiie aforesaid engine," (that of 1685,) he pro- 
poses alternately ^ tiuming a small surface of water 
into Tapomr by fire, applied to the bottom of the 
cylinder tiiat contains it ; which vapour foi^ces up the 
]4ug (or piston) in the cylinder to a considerable 
height, and which, as the vapour condenses, (as the 
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water cools when taken from the fire,) descends 
again by air's pressure, and is applied to raise 
water out of the mine."* 

This was a happy thought ; and had Papin per- 
severed to make the experiment, he would, beyond all 
question, have produced the Atmospheric Engine.^ 
And although we cannot refuse to this ingenious 
man the great honour due to having given the first 
idea—oi having laid the foundation of the splendid 
mechanism of the " Lever Engine," the merit of put- 
ting the scheme into practice is as certainly due to 
another. And it so happened that Papin 's claim to 
the actual construction of a Steam Engine on another 
principle (and which appears to liave withdrawn his 
attention from the prosecution of liis first project) 
cannot in fairness be allowed to him. 

" " Reciieil des diverses Pieces touchant quelqiies nouvelleB 
Machines:" kCasael, 1G95. Extran Phil. Trans. 16!f7,p. 48S, 
t " It was not until after Savery had vhtained his patent, 
that the attention of Papin vms at all tlirecled to ilie means of 
obtaining a moving power hi/ Stcnm : for all his former investiga- 
tions hod been confined to the nature and tcinperature oi Steam 
■uihen pretenled from escaping." Millingfon, Epit. p. 255. Sa- 
very's patent iww ihted 1698 !, A few pages farther on, this 
SUthor, however, acknowledges, " Papin aas engaged iu some 
projects for producing a moving power tlirough the agency 
I of atmospheric pressure, and transmitting it to great distances 
by pipes ; though it is not evident that he had at all made up 
his mind as to tlie best means of producing the necessary va- 
cuum; for at one time large air-pumps to be worked by a 
powerful mill were proposed, at another the firing of gun- 
powder, and lastlt/ the production and condensation of Steam. 
Although aU these schemes were published, it does not appear 
. that any one took advantage of them, or constructed an engine 
[ upon such piittciples, till the time of Ncwcomen !" P. 259. 
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The increasing 3epth of our mines, and the enor- 
HI0U8 expense even of the inadequate means which 
were then possessed of draining them, had become a 
'matter of concern, not only to those more immedi- 
ately interested in that species of property, but to 
the nation. The attention of mechanics, thus 
keenly directed to the subject, was bent rather to 
devise modes of improving the machinery then in 
use* by diminishing its friction and in its better ar- 
rangement, than in the production of a more efficient 
and economical power. The history of the mines at 
iMs period ofkrs but a series of failures on the part 
of projectors, and of complaint of those proprietors, 
who, induced by the urgency of the want, or the 
euj^dity of speculation, had been induced to em* 
bark in the expense of making the experiments. 
IBvery miscarriage thus added to the obstacles which 
at all times impede the introduction of improvement; 
and the abortive attempts of ignorant or designing 
men were urged as reasons for disregarding the 
inventions of more honourable and meritorious in- 
dividuals. 

It was at this period that Captain Savery, a sea- 
fiuing gentleman, offered an engine of his invention 
to the notice of the Mining Adventurers ; ^* which 
flhewed as much ingenuity, depth of thought, and 
mechanical skilly as ever discovered itself in any de- 
ngn of this nature :"* but, from the repeated failure 
of other schemes, more specious, and big with pro- 

* Harris, in his Lexicon Technicum, art. Engine, 1 704. The 
engraving in this dictionary is the original one which was pre- 
fixed to lhe<' Miner's Friend," in 1702. 
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mise, Savery's account of the simplicity and power 
of his apparatus drew hut little ohservation from 
those more exclusively interested in its adoption. 
Years after his engine had been invented, and found 
to be practically efficient, we find Savery, who had 
made but tiifling progress in extending its use, ap- 
pealing to the actual performance of his engine, to 
combat the prejudices operating against it as being 
but a Project ! " I am not fond,'' says this great 
mechanic, " of lying under the scandal of a bare 
prelector ; and therefore present you here with s 
draught of my machine, (see our Tenth Figure,) and 
lay before you the uses of it ; and leave it to your con- 
sideration whether it be worth your while to make 
use of it or no. T can easily give grains of allow- 
ance for your S7ispzci(mSf because I know very well 
what miscarriages there have been by people igno- 
rant of what they pretend to. These, I know, have 
been so frequent, so fair and so promising at Jirst ; 
but so short of performing what they pretend to, 
that your prudence and discretion will not now suf- 
fer you to believe any thing without a demonstration — 
your appetites to new inventions of this nature hav- 
ing been baulkt too often : yet, after all, I must beg 
you not to condemn me, before you have read what I 
have to say for myself; and let not the failures of 
othei-s prejudice me, or be placed to my account. I 
have often lamented the want of understanding the 
true powers of Nature, which misfortune has of late 
put some on making such vast engines and machines 
both troublesome and expensive, yet of no manner 
of use ; inasmuch as the old engines used many ages 
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past &r exceeded them. And, I fear, whoever by 
the old causes o£ motion pretends to improvements 
iRdthin the last century, does betray his knowledge 
and judgment; for more than 100 years since, men 
and horses would raise by engines then made, as 
much water as they have ever since done— or, I be- 
lieve acoc^ding to the law of Nature, ever will do."* 

In his address and explanations, Savery proceeds 
widi all the candour and earnestness of a man con- 
scious of hsrving made a discovery of immense import- 
ance to mankind ; and there is no greater instance 
of so open and candid an appeal to experiment, 
and an examination of the actual performance of an 
engine as a test of its merit, in the history of me* 
chanical inventions : a mode of procedure so opposite 
to that which could be pursued by a man arrogating 
to hunself the credit due to the genius of another, 
that we cannot help suspecting Deeoguliers of having 
been influenced by some unworthy personal feeling 
towards Savery, in his attempt to transfer the in- 
vention to the Marquis of Worcester. 

Captain Savery, according to the Doctor,f ^* having 
read the Marquis of Worcester's book, was the first 
who put in practice the raising of water by fire, 
wMdi he proposed for the draining of mines. His 
engine is described in Harris's Lexicon ; which, being 
compared with the Marquis of Worcester's descrip- 
tion, vriU easily appear to have been taken firom him ; 
though Captain Savery denied it ; and, the better to 
conceal the matter, bought up all the Marquis's 

♦ " Miner's Friend," 1702, p. 6. 
t Experim. Philos. vol. ii. p. 466. 
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books, that he could purchase in Paternoster Row, 
and elsewhere, and burned them in the presence of a. 
gentleman who told me this. He said that he found 
out the power of steam by chance, and had invented 
the following story to persuade people to believe it; 
viz. : that having drunk a flask of llorence at a ta- 
vern, and thrown the empty flask upon the fire, he 
called for a bason of water to wash his hands ; and " 
perceiving that the little wine left in the flask had 
filled up the flask with steam, he took the flask by 
the neck, and plunged the mouth of it under the 
surface of the water in the bason ; and the water of 
the bason was immediately driven up into the flask 
by the pressure of the air. Now, he never made such 
an experiment then, nor designedly afterwards ; whicli 
I thus prove : 

I made the experiment purposely with about half 
a glass of wine left in a flask ; which I laid upon the 
fire till it boiled into steam : then pulling out a thick 
glove to prevent the neck of the flask from burning 
me, I plunged the mouth of the flask under the 
water that filled the bason ; but tlie pressure of the 
atmosphere was so strong, that it beat the flask out of 
my band with violence, and threw it up to the ceil- 
ing. All this must have happened to Captain Sa- 
very : if he ever had made the experiment, he Would 
not have failed to have told such a remarkable inci- 
dent, which would have embellished his story."* 

" Robiaon, Encyc. Britan. art. Steam Eatgine : see also 
liis Mechanical Philosophy, vol. ii. p. -JS. 

Switzcr, nho was personally known to SaTery, g!vcB a somc- 
(vlmt difTeTent version of tbe stovy. " No contrivance," hr ob- 
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grievous charge, it has heen well observed by 
Dr. Robison, ought to be substantiated by very dis- 
tinct evidence. **Yet Desaguliers produces none 
troch ; and he was too late to know what happenied 
at the time. His argument is a very foolish 
one, and gives him no title to consider Savery s 
experiment as a falsehood ; for it might have hap- 

serres, ** for raising water is more justly surprising than the Fire 
Engine, the particular contrivance, and sole invention of a 
gtBtteman with whom I had the honour long since to be well 
aeqaamted. I mean the ingenious Captain Savery, somei time 
fliiice deceased, but then a most noted engineer, and one of 
the commissioners of sick and wounded. This gentleman's 
thougbu were always employed in hydrostatics, or hydraulics, 
or in tbe improvement of water-works ; and the first hint from 
whkb it 18 said he took this engine was from a tobacco-pipe, 
wbidi be immersed to wash or cool it, as is sometimes doiie. 
He diecovered by the rarefaction of the air in the tube, by tbe 
beat or steam of the water, and the gravitation or impulse of 
die exterior air, that the water was made to spriog through the 
tube of tbe pipe in a wonderful, surprising manner; though 
odieri say, that the learned Marquis of Worcester, in his ' Cen- 
tury of Indentions,' (which book I have not seejiy) gave the first 
Unt fi>r this raising water by fire. It was a considerable time 
befi>re this ingenious person (Cape. Savery), who has been so 
gteat 9h, bonour to bis country, could, as he himself tells i;s, 
bring this his design to perfection, on account of the awkward- 
ness of the workmen, who were necessarily to be employed 
about the affair ; and I have heard him say myself that the 
vesy first time he played it was in a porter s house at Lam- 
beth ; wbere^ tbough it was a small engine, yet it forced its 
way througb tbe roof and struck up the tiles, in a manner that 
BUi^rised all tbe spectators." P. SZ4. '< Introduction to a 
General System of Hydrostatics, &c. by Stephen Swiracr/' 
1729. 

D 
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pened precisely as Savery relates, and not as happenec 

to Desaguliers/ The fact is, Savery obtained hi 

patent in 1698, after a hearing of objectiom, ii 

which the discovery of the Marquis of Worceste 

was not mentioned ;^J)^t» besidgg tlfis, he had erected 

(^veral of his eijgiiWB^feg/&r^^h^lrt)t^ined his patent, 

and published ^n account of his engine in 1696, unde 

the title of The Miner's Friend, and a Dialogui 

by way of answer to the objections which had bee: 

made against it in 1699 : both were printed in on 

volume, in 1702» Here, then, every possible publi 

city was given, not only to the principle of hi 

machine, but to its construction; and yet durin 

Savory's life-time the Marquis of Worcester's d( 

scription had never been mentioned. Neither i 

this tale of destroying the books found in any otht 

author ; nor is it stated by Desaguliers in his ow 

work, which was published in 1734 ; but in tha 

volume which he first published in 1746, nearl 

thirty years after Savory's death, and nearly fift 

y^ars after the grant of the patent ! It is remarl 

able, too, in the Doctor's account, that the Marqu: 

of Worcester's hook is mentioned. Was Desagi 

liers ignorant of the Marquis having published tu 

separate books containing the description? If I 

were, how did the other book become scarce ? Copi< 

of that might have been in existence, to be pr< 

duced in judgment against Savory's claim, an 

against his patent. It is qertain that Savery, durin 

his life-time, had no competitor in England to di 

pute with him the honour of inventing the machii 

which now bears his name. But a pamphlet beii 
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Tsm on booksellers' shelves thirty-five years after its 
jmbficatiiMi^ is m>t at all an extraordinary cinnmi'* 
stance^ and it would, indeed, have been a miracle had a 
copy, of any equally unimportant book, been found at 
such a distance of time in that unenviable situation.* 

Savery exhibited a model of his engine befinre 
King William at Hampton Court ; and the success 
of the experiment appeared so satisfactory, thai l3a» 
King warmly interested himself in the project It 
was not until June 16999 & y<^f ^fter he hud 6b^ 
tained his patent, and erected some engines, that bd 
made trial of his engine before the Royal Society. In 
his address to that body, prefixed to his Miners 
Friend, in 1702, he mentions the great ^' difficulties 
ind expense he had incurred to instruct persons t^ 
frame his machine ; but that he had at last sueeeeded 
in getting workmen, who would oblige themselves to 
make ei^nes, exactly tight and fit for servioe;' M 
that he could warrant them to those who chose to 
employ them.*? f 

^ The first thing," says the ingenious inventor, ^ ia 
to fix the engine (the Tenth Figure) in a good donbkf 

* '' When the Marquis's loose and vague description is r^cot- 
lected, and that he does not descend into the minutiai 6f execu-' 
dve construction; there appears to be no strong reakAi'for de- 
ptivjng the captain of the title of an inveiitort*' CnUi tfalt^ 
Fkil^.p.ft5S. .,' ., . . ; 

t ''In Lord Worcester'i^ time die ;^lachiD^ wasnot pract!- 
cally introduced, and it was soon forgotten. Savery's engines, 
were constructed in a manner precisely similar, and it is uncer- 
tain whether he adopted the Marquis of Worcester's ideas, or 
re-invented a similar machine." Dr, Thomas Young, Nat. PhiL 

D 2 
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furnace, so' contrived that tlie flame of your fire may 
circulate round, and encompass your two boilers, as you 
do coppers for brewing. Before you make any fire, 
unscrew G and N, being the two small gauge pipes 
and cocks beloogiug to the two boilers, and at the 
holes fill L, * the groat boiler, two thirds full of water, 
and T>, the small boiler, quite full. Then screw m 
the said pipes again as fast and as tiglit as possible.' 
Then light tlie fire at b ; and when the water in i, 
boils, the handle of the regulator, marked z, must 
be thrust from you as far as it will go : which makes 
all the steam rising from the water in i. pass with 
in*esistible force through o into F, pushing out all 
the air before it, through the clack r, making a noise 
as it goes ; and when all is gone out, the bottom of 
the vessel p will be very hot. Then pull the handle 
of the regulator to you, by which means you stop i), 
and force your steam through oo into pp, until that 
vessel has discharged its air through the clack ii up 
the force-pipe s. In the mean time, by the steam's 
condensing in the vessel p, a vacuum or emptiness 
is created, so that the water must and will necessarily 
rise up through the sucking-pipe t, lifting up the 
clack M, and filling the vessel p. 

" In the mean time, the vessel vp being emptied 
of its air, turn the handle of the regulator from you 
again, and the force is upon the surface of the water 
in p ; which surface being only heated by the steam, 
it does not condense it, but the steam gravitates or 
presses with an elastic quality like air, still increas- 
ing its elasticity or spring till it counterpoises, or 
rather exceeds, the weight of the water ascending in , ' 
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9, the forcing-pipe, out of which the water in it will 
be immediately discharged when once gotten to the 
ti^ which takes up some time to recover that power ; 
which having once got, and being in work, it is easy 
tat any one that never saw the engine, after half an 
hour 8 experience, to keep a constant stream running 
oiit the- fill! bore of the pipe. On the outside of the 
vessel, 'yon may see how the water goes out as well 
as if the vessel were transparent; for as £u: as the 
stciam continues within the vessel, so far is the vessel 
dry without, and so very hot, as scarce to endure the 
least touch of the hand. But as far as the water is, 
the said vesael wiU be cold and wet where any water 
has £iUen on it ; which cold and moisture vanishes 
as fast asrthe steam in its descent takes place of the 
water.; but if you force all the water out, the steam, 
or a- small part thereof, going through it, will rattle 
the dack, so as to give sufficient notice to pull the 
hfiiidle of the regulator to you, which, at the same 
time, b^ins to force out the water from p/7, without 
the least alteration of the stream ; only sometimes 
the stream of water will be somewhat stronger than 
before, if you pull the handle of the regulator before 
any considerable quantity of steam be gone up the 
dack R : but it is much better to let none of the steam 
go off (for that is but losing so much strength), and 
is easily prevented by pulling the regulator some 
little time before the vessel forcing is quite emptied. 
This being done, immediately turn the cock or pipe 
T of the cistern x on r, so that the water proceed- 
ing fiom X through y (which is never open but 
when turned on p, or vp, but when between them 
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is tight and stanch) — I say, the water falling on P, 
causes, by its coolness, the steam (which had such 
great force just before, fromits elastic power, to con- 
dense, and become a vacuum or empty space), so 
that the vessel P is, by the external air, or what is 
vulgarly called suction, completely refilled, while pp 
is emptying. Which being done, you push the 
handle of the regulator from you, and throw the force 
on P, pulling the condcnsing-pipe o^'er Fp, causing 
the steam in that vessel to condense, so that it filb 
while the other empties. The labour of turning 
these two parts of the engine, viz. the regviafor and 
water-cock, and tending the fire, being no more than 
what a hoy's strength can perform for a day together, 
and is as easily learned as their driving of a horse in a 
tub-gin ; yet after all, I would have men, and those 
too the most apprehensive, employed in working the 
engine, supposing them more careful than boys. 

" In case it should be objected, that the bwler 
tnustin some certain time be emptied, so as the work 
of the engine must stop to replenish the boiler, or 
endanger the burning out, or melting the bottom of 
the boiler : to obviate this, when it is thought fit by 
the person tending the engine to replenish the great 
boiler, which requires an hour and a half, or two hours* 
time to the sinking of one foot of water, then, I say, 
by turning the cock e of the small boiler o, you cut 
off all communication between the great force-pipe S 
and the small boiler D ; by which means D grows 
immetliately hot, by throwing a little fire into B, and 
the water of which boils, and in a very little time it 
gains more strength than the great boiler; for the 
force of the great boiler being perpetually spending 



A^'SP^ out».9nd the other winding up^ or increas- 
ing, Jit is not long before the force in d exceeds that 
in l; so that the water in b, being depressed by 
its qiwn steam .0^ vapour, must necessarily rise through 
thi^ pipe H, opening the claqfc i, and so go through 
t^h^jpipeK intoi', running (^1 the suri^ce of the 
^ftter in. p is equal to the bottom of the pipe h. 
Then, steam and water going together, will, by a 
^sejn the clack i, give sufficient assurance that d, 
has discharged a^d emptied itself into l, to withip 
^bt inchj^ ipf the bottp^l ; and inaspiuch as iroxfk 
the top of JD, t9 the bottom of its pipe h, is contained 
^haut .a9 jfiXKifii w^ter as will replenish l one fopt 
Then you^ppen the cock i, and re-fi}| d immediajtely, 
SQ that JUere is a constant iRotioq, without fear or 
da«g;er pf 4isQr4^ or decay. If y^i^ would at any 
tJA^e. koow if the great boijqr }pe more; th^n half ex- 
h9mi^9 turn the small cock:^^ whose pipe will deliy§]r 
wiiter» i£ tlje water be abpv^ the level of its bottom, 
vvldc^ iSiJbalf way^dpwn the boiler; if not, it will 
ddiver steam. So likewise it will shew you if you 
htveimore or less than eight inches, of water in d, 
by which means nothing but a stupid and wilful neg- 
lect, or mischievous design, carried on for some 
hours, jcan any ways hurt the engine. And if a 
Blaster is suspicious of the design of a servant to do 
mischief, it is easily discovered by these gauge-pipes ; 
for if he come when the engine is at work, and find 
the surface of the water in l, below the bottom of 
the gauge-pipe N; or the water in d below the 
bottom of G; such a servant deserves coyTection : 
Plough, three hours after that, the working on would 
not damage or exhaust the boilers. So that, in a 
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^ord, the clacks being, in all water-works, always 
found the better the longer they are used ; and all 
the moving parts in our engine being of like naturae 
the furnace being made of Stourbridge or Windsfflf^ 
brick, or fire-stone, 1 do not see it possible for the 
engine to decay in many years ; for the clacks, boxes, 
and mitre-pipes, regulator, and cocks, are all of brass, 
and the vessels made of the best hammered copper, 
of sufficient thickness to sustain the force of the 
working the engine. In short, the engine is so na- 
turally adapted to perform what is required, that even 
those of the most ordinary and meanest capacity may 
work it for some years without its receiving any 
injury, if not hired or employed by some base person 
on purpose to destroy it." The same letters refer to 
the same parts in our Tenth and Eleventh Figures. 
— The Eleventh Figure represents the appara- 
tus on the top of the boiler l, on an enlarged scale. 
This engine Savery applied for raising water for 
palaces, gentlemen's seats,* draining fens, and supply- 
ing houses with water in general, and pumping water 
from ships : f and he erected many of them in dif- 

" " How useful it is in gardens and fountain works may or 
might have been seen, in the garden of that right noble peer, the 
present Duke of Chandois, at his late houae at Sion Hill, where 
the engine waa placed under a deliglitful banquetiing-house, and 
the water being forced up into a cistern on the top thereof, used 
to play a fountain contiguous thereto in a very delightful man- 
ner." S'ailier, Vol. 2, p. 834. 

+ " In the Miner's Friend, in which he (Savery) describes tli*4 
invention as his own, the propelling or rowing boats or vewrfi^ 
by paddle-wheels, as now practised in our steam-boats, is par- 
ticularly noticed. The Sicam Boat, therefore, which ia generally 
considered as one of the most recent applications of the force of 
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ferent parts of England. The power of his engine 
he limited only hy the strength of the pipes and 
vessels; "for," he says, "I will raise you water 
500 or 1000 feet high, could you find us a way to 
procure strength enough ;:£n>' 'suchr ^d^ dmmense 
weight as a pillar of wail^jAatJ m^hl / hut my 
engine at 60, 70, or 80 feet, raises a full hore of 
water with much ease/' And comparing this per- 

steam to useful purposes, it will be seen is by no means a mo- 
dern invention, but is nearly coeval with that of the engine it- 
self." — MUhngton. This inference is not, however, to be drawn 
from Savery's words, for he nowhere in his Miner's Friend sug- 
gests the application of his engine to move steam-boats-^ 
but to pump ovt the water from ships. After suggesting 
the scheme of raising water from a pond by his engine, 
and allowing it to fall on a water-wheel, which would give 
motion to a mill, he notices the vast variety of millwork, and 
says, " Had I leisure to coimnent thereon, and give you an ac- 
count not only of the vast variety that I have seen and heard of, 
but (when encouraged) what may yet be brought to work, by a 
steady stream, and the rotation or circular action of a water- 
wheel, it would swell these papers to a large volume." P. 28. 
This refers to a revival, by Savery, of a method practised cen- 
turies before his time to propel ferry-boats by the rotation of a 
water-wheel. A figure, on a large scale, of this mechanism is 
given in the Second Volume of Harris's Lexicon Technicum, 
published in 1710. The water-wheels or paddles are placed on 
each side of the ship, as in the common construction of modem 
steam-boats — ^but these wheels are not moved by steam. A 
trundle fixed on the axis of the paddle-wheels, works into a 
wheel placed on the drum-head of the capstan ; the capstan bars 
being turned round in the usual manner, give motion to 
the paddles ; a contrivance precisely similar to that described 
by the late Mr. Robertson Buchanan, in his Treatise on Steam- 
boats, as being in use at a ferry near New York, but with the 
slight difference of the capstan bars being moved by animal 
instead of manual labour. 
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fonnance of fais machine with that hy manual laJboi 
he continues, " I have known, in Cornwall, a wo 
with three lifts, of abdiit eighteen foot each, lift ai 
. carry a 3^ inch bore, that cost forty- two shillings a-d 
(reckoning 24 hours a;;ciay,) for labour, besides tl 
wear and tear of engines,- isaehpump having four ini 
working'' eight hours, at foutteen-penee a man, ai 
the men obliged to rest at least a third part of th 
time. I dare undertake that the engine shall rai 
you as much water for eightpence, as will cost y( 
a shilling to raise the like with your old engines : 
coal pits, which is thirty-three pounds six shillinj 
and eight-pence saved out of every hundred poundi 
a brave estate gained in one year out of such gre 
wor}c3 ! where 3, 6, or it may be £8000 per annuin 
expended for clearing their mines of water only, b 
sides the charge and repair of engines, gins, horse 

";:^e ,.«.« ..t . e^e ^.. a C.U. 
of water sixty feet high and three and a half inch 
in diameter, requires a fire-fplace twenty inches dee] 
.and fourteen or fifteen inches wide, Savery gives i 
no information of the proportions of his engines in tl 
Miner's Friepd. The engraving in that book cann< 
il^ depex\4ed upon for the correct proportions of tl 
details. The well known Bradley, who was profes$( 
of Botany at Cambridge, gives a description f of 
small engine having only one receiver, erected h 
Savery himself f^bout 1711, for a Mr. Ball at Cam! 
den-house, Kensington. It was standing in Switaer 
... ^ 

^ Miner's Friend. 

+ New Improvement of Planting and Gardening, both phil 
sophical and practical, 1717 
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time, who says it was the best proportioned of imy 
be bad aeen. 

The pipe a, in the Twelfth Figure, is sixteen feet 
long, from the surface of the water to the stage on 
nMdi the receiver b is placed. And this is the 
beight to which the water i^ raised by the pressure o£ 
ike atmosphere. ^ The height of the reservoir above 
thereoeiver is about forty- two feet ; and this column of 
water was elevated by the elasticity of the steam. The 
pipe d^ is three inches in diduneter, and the steam 
]^pe ^ about one inch bore. The receiver holds 
tiiirteen gallon^ and the boiler thirty-nine gallons. 

When ^liis k^ne was in action it raised fifty-two 
gattons of water* in a minute, (four times the contents 
ci the veeeiveri) and upon an average its effect was 
gi«ater in piopartiim thim that of the engines with 
double receifiN^. ^ The prime cost of such an en- 
gine;" says Switsser, '^ was about fifty pound, as I 
mysdf had it fiN)m the ingenious author's own 
ffiMth, imd the quantity of coals required to work 
it mbout half a peck, which need net be renewed 
above siis; or eight times, were it to be wrought the 
mkol0 twenty-four hours, Which, supposing to 
%i a bushel at most, is not above twelve penpe 
in Ijondon, but much cheaper in many other 
places. The expense is not considerable to what 
horse-work is, which must be shifted twice or thrioe 
ar4ay* The chirf thing that seems to be objected 
agaiqst this engine, as to the expense, is the making 
the fire in the open air as it were and under a trivet 
fieoaiHse the heat in such a latitude will evaporate, 
aiid 4iiri; be so ft^rong as when confiqed into a narrow 
compass, and consequently there must be *« a greater 
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expense of wood and coal than when it is thus con- 
tracted, which makes it, I thinks better to have the 
fire enclosed in a stove or fiimace than under any 
open spherical figure." * 

Its operation is the same as that of tlie machine 
shewn in the Tenth Figure, — the steam admitted 
from the boiler c, into the receiver h, is condensed 
by turning the cock J', which allows the cold water 
to fall on the outside of the receiver, at the same 
time that the flow of steam from the boiler is 
shut off by the cock g ; a vacuum being thus pro- 
duced in the receiver, the pressure of the atmo- 
sphere raises the water in the reservoir up the pipe 
a, and fills the receiver b. The cock / is now 
closed, and the communication between the boiler 
c and the receiver h is again opened by turning 
the cock s ; the elasticity of the steam then forces 
the water in the receiver h up the pipe d ; the valve 
at k, opening upwards, prevents it from return- 
ing. When the receiver is again filled with steam, 
the cock g is shut, and the cold water or condensing 
cocky is opened. This condenses the vapour, and 
forms a vacuum, and the pressure of the atmosphere 
again acts to raise the water in the reservoir through 
the pipe a into the receiver, which is forced up the 
pipe a by the elasticity of the steam, and so on 
alternately. 

Some standard of reference was necessary to give 
definite information of the eflFect of this new engine ; 
and Savery introduced the term horses potver ; 
which is still in very general use. A certain number 
of horses were kept to raise a certain quantity of water 

" Swiizer's System of Hydrostatics. 



THE STEAM ENGINE. 45 

- to a certain height ; so a steam engine, on Savery's 
eonstruction, was called a one, or a two, or a three- 
konie engine, as it raised the water which had hi* 
therto been raised by one, or two, or three horses.* 
We have no means of judging of the data he went 
on: in hia calculation of the proportions of the seve- 
ral parts of his machines ; but from some drcum- 
stances, which we shall afterwards notice, it is ex- 
tremely probable that they were constructed more 
fiom tact than calculation. 

While Savery was epdeavouring to improve his en- 
dues, and introduce them into England, Amontons, 
a distinguished member of the French Academy of 
Sdenoes, was occupied in experimenting on steam and 
air; and in 1699> he presented an account to that 
learned body of an engine of his invention, which he 
ctSiedaJFireWheeLli An inspection of our Thirteenth 

'* ^* Water in its fall from any determinate height has simply a 
force answerable, and equal to the force which raises it ; so that 
an engine which will raise as much water as two horses working 
together at one time in such a work can do, and for which there 
Biiut be constantly kept ten or twelve horses for doing the same, 
then I say such an engine will do the work or labour of ten or 
twelve horses." . Miner's Friend. This is the true measure of 
die power of an engine when compared with the power of 
hMses. Modem engineers affix a lower value to the same unit 
of ^mparison ; and they state an engine tg have the power of 
fifty horses (say) when it is equal to the raising of as much water 
in eight hours as fifly horses could raise, working that number of 
hours daily. But as the engine can be continued in operation 
throughout the day of twenty-four hours, this would require one 
hundred and fifty horses, and by Savery's mode would be called 
an engine of one hundred and fifty horse power. 

tM^moires de TAcademie des Sciences, ann6e 1699 ; see also 
LeupoldyTbeatrum Machinarum. Leipsig, 1 724. Tab.53, figura 2, 



46 A DESCRIPTIVE HISTOBY OF 

Figure Ivill convey a dearer idea of Amoiitons' de- 
sign, than any verbal desciiption, however minute 
and detailed. Indeed, although the principle on 
which it acts is exceedingly simple, the intricate ar- 
rangement of its parts almost precludes a satisfactory 
description with the asnstatice of one engraving ; and 
its importance is not so great as to induce us to devote 
ndore than one to its illustration. This Fire Eft- 
gine consists of a wheel, whose diametcar is divided 
into four concentric circular compartments, or rings. 
The outermost circle is divided on its circum- 
ference into twelve chambers, a, b, c, d, &e. 
all of which are so formed as to be air-tightii and to 
have no communication with each other. The Bi^ 
cond portion of the diameter is opeHf and serves the 
purpose of insulating the outer series of chambors^ 
from a corresponding series formed in the ihiid. pcx-* 
tion of the wheel, and marked a, 6, c, d, e^Jl &c. 
These chambers communicate with each other, by 
means of valves or flaps, which open only in one 
direction (upwards.) The inner portion of the di- 
ameter is filled up with a series of pipes, ^nd the 
axis or gudgeon of the wheel z, on which it revolves, 
w is a cistern of cold water, in which the under 
portion of the ^heel is immersed. The fire-pkice, 
stid the mode ia which the flame acts on the outer 
surface of the first series of chambers, will be clearly 
understood by a reference to our Thirteenth Figure. 
X is the chimney, by which the smoke and heated 
Vapour escapes, after it has come into contact with 
the periphery of the wheel. 

The outer series of chambers, a, B, c, &c. is con- 
nected with the inner series marked a, 6, c, rf, &c. by 
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means of the pipes 1, 2, 3^ 4, &c. The pipe, 1, con- 



nects the air-chamberji 
ber, a. The pipe, 2, 



A, ;^ith the inner-water-cham- 
connects the air-chamber, B, 
with the inner water-chamj|>ei:jf^&irancl m on. rouild th6 
series. These pipes m^^r^J^i^^e inserted 
into another pipe closed at one end and open at the 
other ; the open end of the enclosing tnbe is inserted 
into the water-chamber, forming the communication 
b^ween the inner and outer series of chambers. 

If we now suppose the cells, a, &, z?z, in the second 
row to be nearly filled with water, and the outcfr side 
of cell A, heated by being placed over the fire, the 
air which it contains being expanded by the heat, 
issues through the pipe 1, into the cell a, of the se- 
cond row of chambers, which is filled with water. It 
presses on the surface of this water, and raisei^ 
it into the cells h and c, (being prevented from 
passing into m^ by the valves or flaps opening front 
the right to the left hand in our engraving,) and 
hito d and e, in proportion to the degree of rarefac- 
tion of the air. The weight of the water, raised int* 
6, c, and rf, gives that side of the wheel a preponder* 
ance. The air-chamber a, is consequently depressed 
into the position of M, and the cell B, is then exposed 
to the action of the fire. This air-cell communicates! 
with the water-chamber, 6, by the pipe 2 ; cell h,, 
being placed in the position of a. The air in cham- 
ber B being expanded by the heat, issues through 
pipe 3, and presses the water in &, info <?, rf, &c. t 
which continues the preponderance. The ait-chiin* 
het c, is next exposed to the fire, and so cfA 
through the series continually. When the surface of 
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the cell c, has reached the furnace, the cell a, is, 
then (in the position of i, in the figure} immersed in 
the cold water of the cistern vf, which cools and con- 
denses it. The heated air in cells B and c, is also 
condensed as they move round in the water; and 
emerging, they are again placed in succession in con- 
tact with the fire. This rarefaction of the air, forcing 
water up on one side of the wheel, gives it a successive 
preponderance which produces a rotatory motion, thai- 
may he applied to practical purposes. 

Amontons gave a diameter of twelve feet to the 
inner row, or water-cells, and he made them two feet 
deep, or wide, enclosing ahout 754 cubic feet of wa- 
ter, about 13,202 pounds (French) weight. This 
applied tangentially to a circle supposed to pass 
through the centre of the water-cells, would, accord- 
ing to his calculation, make a revolution in thirty- 
five seconds, and be equal in power to thirty-nine 
horses. 

The i'VVe Wheel though extremely ingenious, is ( 
by far too complicated for any practical purpose; 
even granting that it were possible to produce the 
degree of rarefaction in the air-chambers to raise the 
column of water, with the assigned velocity ; and that 
the action of the valves was practicable or could 
be depended on. The inventor describes its action as 
produced solely by the rarefaction of the air ; but its 
power would in practice he derived from the expan- 
sion of steam : for no ingenuity could in this arrange- 
ment prevent the vapour, formed in the water-cells 
by the heated air, from passing into the outer series of 
air chambers by the pipes. And this circumstance 
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might give to a similar apparatus that power, which 
it would dearly not possess hy the expansion of air 
abne^ as proposed hy the inventor. 

In August 1705, M. Dalesme, the well-known 
author of the ingenious mode of consuming smoke hy 
reversing the flame, o£Pered to a company in Paris, to 
nuse water hy means of steam issuing from an engine 
similar to an oelipile. In his experiments he applied 
the elasticity of the vapour to make the water td spout 
to a great height. Prony *, in regretting his ig- 
norance of the details of Dalesme's method, thinks 
** his model may still be extant in the collection of 
the machines of the Academy ; but this cannot be 
ascertained until that collection is put in order.'' 
This was written thirty years ago. 

Dr. Papin, whose ingenious project for forming 
a vacuum under the piston of an air-pump we have 
already noticed, was still employed in (1698) in 
making experiments on steam, under the patronage 
and at the expense of the Elector of Hesse. In 
discontinuing those researches, which had not led 
him to any useful combination, Papin communi- 
cated the result, with some suggestions, to several 
of his literary correspondents,— among others, to 
tiie celebrated Leibnitz. In his reply to Papin's 
letter,- Leibnitz mentioned that the idea of em- 
jUcfyixkg the expansive force of steam had also oc- 
curred to himself; and during a subsequent visit to 
England, in 1705, having had an opportunity of in- 
specting, some of the machines which were erected by 
Savery, he sent a sketch with a description of one of 

• Prony, Nouvel^e Architectnre Hydraulique, vol. II. p. 90. 

£ 
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them to Papiu, to have his opinion on the merit rf 
the invention. This letter and sketch were shewn 
by Papin to his patron the Elector, At the com- 
mand of that prince, Papin, to use his own terms, 
" resumed his experiments, to complete those con- 
trivances for raising water by fire which he had com- 
menced so favourably." The result of this applica- 
tion was a publication by the Doctor of an accoimt 
of a " New method of raising water by the force of 
fire," dated at Cassel in 1707, and dedicated to the 
Elector. In this production, Papin states the in- 
vention to have been perfected after a great many 
failures ; and with a refinement in flattery, he Ae- 
clares that the printing of the account of this ma- 
chine was not done to detract from the merit of 
Savery's engine, (for he acknowledges Savery's hav- 
ing hit' on another mode, xvithout knowing of his 
experiments ;) but that the whole world should know 
that it was indebted to the Elector of Hesse for the 
first idea and construction of this excellent contrivance. 
But it is worthy of remark, that in the body of the 
treatise, Papiu's endeavours appear to be directed 
much more to shewing the superiority of his appa- 
ratus over that of his rival, than to establish a claim 
to priority of invention. " His forty pages of calcu- 
lation prove his understanding and learning ; they 
have, however, failed in their object of convincing 
practical men to adopt this engine." * 

A boiler, a, made of copper, communicates by a 
pipe z, with a cylinder i, which forms the body of the 
pump. This cylinder has no bottom, but is attached 

• Blakey. 
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by a eurvefl pipe a\ to an ujnight pipe o, y, which 
enteD9 tbia cylinder, /^ r, rising to within a short dis^ 
tance of iti$ top. Thi$ cylinder is air-tight, and has 
a pipe w, and stopcock, p. On the curved pipe a? is 
SimkI wodter pipe^ m, terminating in a funnel or 
reservoir, Ar, with a stopcock at m. The pipe z, join- 
ing the boiler and pump cylinder, has a stopcock at 
c, and another small pipe at e, also furnished with a 
stopeodi;— ^ is a valve, introduced by Paj^n, which 
has incalculably increased the security from accident 
q( boSers for the purpose of generating steam. The 
fire is made at b ; within the cylinder i is a piston 
(NT float n, madid of thin plates of metal, forming a 
part of a hollow cylinder, which floats on the sur- 
&ce cS the water : dis a pipe and st(^oek inserted 
into the vessel L 

When a sufficient quantity of steam is generated 
in the boiler a, the cock c is opened, to allow it 
to flow into the pump-cylinder i, which we may sUp*- 
pose to be nearly filled with water. The steam 
presses by its elasticity on the floater n, and de- 
pvesAes it in the cylinder i, forcing the water, which 
is beneath it, through the curved pipe a?, up the 
perpendieillar pipe o, q, until it Mis at tha upper 
end q into the receiver r, r ; this condenser 
tibe iit in r, n The stopcock /?, is then opened, 
and the water, pressed by the condensed air in the 
uppfv part of the cylinder, issues with great ve- 
locity upon the float-boards u^ s, a\ of a wheel, 
whttdi is curried round and imparts its motion by the 
uaual intermediate means to pumps or other machi- 
neiy. When the floater n has reached the situation 

K 2 
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N, the cock c is turned, which prevents the further 
admission of steam from the bailer into the pump- 
cylinder above the floater ; and the cock d is opened 
to allow the steam above the floater to escape into 
the atmosphere ; at the same moment the stopcock 
m is opened, which admits the water in the iuimel 
k^ to descend through the curved pipe x, and to 
xaise the floater A, to the necessary height, in the 
pump-cylinder i\ the clack at o, opening upwards, 
prevents the column of water in o, y, from descend- 
ing. When the floater has risen to the proper 
position, the cocks d and m, are shut, and c is 
opened. The steam again flows from the boiler 
into the cylinder, and depresses the floater ^, raising 
the water under it into the reservoir r, r ; and when 
it is depressed to the situation N, the cock c is 
shut, and m and d are again opened, to perform the 
operations of filling the cylinder with water, ele- 
vating the piston or floater, and extruding the 
steam into the atmosphere, and so on continually, 
which keeps a constant stream falling from the 
pipe w, with a considerable velocity on the float- 
boards of the water-wheel, w, Sn oo. The pipe and 
cock e, are for allowing the air in the boiler to es- 
cape when it is first filled with steam ; n^ is a simi- 
lar pipe and cock for emptying the cylinder and pipe 
x of water. 

It does not, however, appear that Papin adopted 
the floater to prevent the condensation of the steam, 
by keeping it from coming into contact with water ; 
for it Was practically impossible to produce this con- 
tact in his apparatus. His purpose, very different. 
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has been totally overlooked by all English writers 
who have described his contrivance. One of Fa- 
pin's projects was, to increase the ^^ force of the 
steam," by introducing a mass of red-hot iron into 
the pump -cylinder. This heater was placed in a 
pipe fitted into the floater, closed at the bottom 
to prevent the access of the water, n, n, is a 
section of the floater ; h^ is the heater suspended 
in the pipe, having a ring to withdraw it by when 
it became cold ; and g, is the opening in the top. of 
the cylinder by which the heater is introduced, or 
taken out. The opening is closed with a lever 
valve, retained in its situation by the weight 
hung at its extremity. This heating contrivance 
presents, according to Frony,* so many difliculties, 
that it is doubtful if it could be put into practice ; 
an opinion entirely coinciding with our own, yet 
wiihout going the length to condemn the whole 
mctchme (with Dr. Robison), as ^^ so awkward, and 
so unlike any distinct notions on the subject, that it 
would not do credit to any person;" — an assertion 
very much at variance with the fact The mode of 
elevating the piston, and of producing a constant 
stefim of water through the pipe p^ are both distinct 
and ingenious notions. The introduction of the 
Safety Valve may even now be considered as one 
of the most important improvements made in Steam 
apparatus ; and the want of which long and power- 
fully retarded the introduction of Savory's engine. 
Bossut,f " continues the Frofessor, "says that 

♦ Nouvelle Archit. Hydraul. Vol. II. p. 200. 
t "Traits d*Hydrodynamiquc," p. 306. 
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the first notion of the Steam Engiiie was certainly 
owing to Dr. Papin, who had not only invented 
the digester, but had in 1695 published a little 
performance describing a machine for raising water, 
in which the pistons are moved by the vapour of 
boiling water alternately dilated and condensed. 
Now the fact is, that Va^in'sjlrst publication was in 
1707, and his piston is nothing more than a floater 
on the surface of the water, to prevent the waste of 
steam by condensation ; and the return of the piston 
is not produced, as in the steam engine, by the con- 
densation of the steam, but by admitting the air and 
a column of water to press it back into its place." 
We scarcely know what to make of a statement 
which is so utterly irreconcilable with fact. Bossut 
evidently refers to Papin's project of employing 
steam as a substitute for gunpowder, an account of 
which was published by its inventor, a second lime, 
in 1695. But Dr. Hobison says Bossut means the 
engine for raising water by the elasticity of steam, 
of which there was tio description printed before 
1707, eleven years afterwards! 

Tlie Professor's opinion, that Papin's employment 
of a floater in bis engine described in 1707, (the 
Fourteenth Figure,) gives him no claim to the first 
invention of a piston, is so far correct ; but it does 
not follow, that a previous claim for a totally differ- 
ent invention is also groundless ; and it so happ^s 
that it is on account of an earlier suggestion, 
which is also truly stated by the Doctor himself, — 
that Bossut, and we believe every one else, gives 
Papin the merit of having suggested the Atmo- 
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spheric Engine. In describing the machine which 
bears his name^ the most eminent Frendb engineers 
hare done ample justice to Savery, as its invenfor.* 

Indeed, throughout the discussion of Fapin's inven- 
tion. Dr. Robison's usual candour and liberality sjsem 
to have fersaken him ; and in noticing ati engine; 
alloivsed eren by its projector to have failed in prac- 
tice, he passes a crude and hasty opinion on an im- 
proved construction of the same machine, which, for 
its ingenuity and importance, may rank next to the 
Steam Engine itself. It is true, that in the Pro- 
fef»or's time, Fapin's mode of transmitting power and 
notion to great distances was not applied to any use- 
fill purpose ; but it has recently been introduced with 
admirable effect into a mechanism employed for ah 

* Belijior admits with great candour, '* that, although the 
Marquis of Worcester was (in his opinion) the first in England 
who mentioned, in intelligible terms, a machine for raising water 
hj fire, in a small tract called the Century of Inventions ; yet we 
omnot deny to Captain Savery to have been the first to execute 
jjfutae sort of machines in Great Britain : this is attested by many 
letters written to me on that occasion, by the gentlemen of the 
Royal Society. There is one in which mention is made of a Mr. 
Newcomen^having contributed very much to bring it to its present 
{Msrieetioi). Another proof that this machine took birth in Eng- 
iKoAt and that it excels every other that hath been tried in France 
jMt Germany, is^ that all the Fire Engines that have been con- 
•Uructed abroad have been eicecuted by Englishmen." Arch. 
Hydraulique, Tom. II. p. 300. Gensanne, the inventor of a 
fiif*actitig mechanism to be attached to Savery's Engine, begins 
Ae defcription of his model by saying, that his apparatus is an 
kd^rovementon a machine " which every one knows was invented 
i^ M* Savery y and executed on a great scale at London and in 
other parts of England." Machines Approuves, torn. VII. p. 280. 
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important national purpose. This is, however, among 
those stated hy Dr. Rohison to be ^^ awkward, absurd^ 
and impracticable inventions. Fapin's conceptions <^ 
natural operations were always vague and imperfect, 
and he was neither philosopher 4ior mechanidaxL" * 
Practical men are more just in their opinion c^ Pft- 
pin ; they place this ingenious Frenchman in the 
highest rank of scientific mechanics.! 

* Mech. PhU. vol. XL p. 49. 

t We should not have noticed thege very palpable mistakes, 
had they not been made by a writer whose work is deservedly 
of hij^h authority on this subject; and more particularly as the j 
have been allowed to remain without correction or commit 
in the late collection of his mechanical papers ; which from its 
lower price and convenient form, may find its way into more 
hands than they did when forming part of the Encytlopsedia Bri- 
tannica. They have already been the means of propagating some 
erroneous notions and statements among later writers. So late as 
1817, Mr. Farey, after having taken considerable pains to arrange 
the date of Papin's machines, thus speaks of his inventions :— ^ 
'' We have copied the figure of Papin's engine from Belidor, 
that our readers may be able to compare it with Captain Sa^ 
very's, and judge of the authority upon which M. Bossut had 
said, that the first notion of the Steam Engine was certainly 
owing to Dr.Papin, who had not only invented the digester, but 
had, in 1695, published a little performance, describing a ma^ 
chine for raising water, in which the pistons are moved by tke 
vapour of boiling water alternate^ dilated and condensed. Now 
the fact is, that Papin*s publication wa« in 1707, in which he 
concedes the invention to Savery. He had occasionally, before 
that, published several inventions in the 'Acta Erttditomm,' in 
which cylinders and pistons were to be employed, but they ware 
not intended to be worked by steam, (rare candour,) but by gun- 
powder and air" !! Rees' Cyclopedia, art. Steam Engine, Mr* 
Farey not having referred to the Encyclopedia Britannica as 
his authority, nor marked the passage as a quotation, it must be 
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The advantage derived from the use of Savery*s 
engine, as a substitute for manual labour, was coun- 
terbdahced, in public opinion, by the great risk of 
accident from an explosion of the boiler : for, 
during the term of his patent, it does not appear that 
he availed himself of the security arising from the use 
of Papin's safety-valve. At York Buildings' wMer- 
works, Desaguliers* knew Savery to make steam 
eight or ten times stronger than the common air ; and 
then its heat was so great, that it would melt com- 
mon soft solder ; and its strength so great as to blow 
open several of the joints of his machines, so that he 
was fin'ced to be at the pains and charge to have all 
his joints soldered with spelter or soft solder." Va- 

taken as conveying his own opinion in his own words. His 
additions to the Doctor's statement make it still more incon- 
sistent. Does Mr. Farey dispute the fact as stated by Bossut, 
and caU the machine of 1695, an Air Engine 7 It is a quibble to 
say Papin's book on the Steam Engine was published in 1 707. 
Papin's account of a Steam apparatus was dated in 1 707 ; but 
is this the one alluded to by Bossut ? Neither could Papin con- 
cede the invention to Savery, for he gives it to the Elector of 
Hesse. Throughout his book, Papin nowhere says that his en- 
gine is the same in principle or operation with Savery's ; but 
chillis merit for a totally different apparatus, and justly : ex- 
cepdng the mode of impelling water into the air vessel by the 
dasticity of steam, (a contrivance which belongs neither to him 
nor to Savery,) there is no feature of resemblance between their 
engines. In the same article, we have the ^*Jirst Steam En* 
gme, with a piston, made by Papin 1707." In another part, 
** Papin's engine is far inferior to Savery's, and is only a return 
to the Marquis of Worcester's idea : " a position which may be 
admitted, when Mr. Farey constructs an Engine according to the 
Marquis's idea. 
• Nat. Phil. p. 467. 
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rious attempts were made to strengthen the boilers, 
by radiating arms fixed in the inside, bnt without 
any Bucccsstiil result : so that at this period the 
only use to which Savery's apparatus could be ap- 
phcd with safety, was to raise water to heights not 
exceeding 30 or 32 feet — a virtual abandonment of 
its pretensions as a mine-draining power, which was 
the grand object of all Savery's exertions. 

Notwithstanding this failure, the iutroduction of 
these machines in the mining districts, had a most 
important influence in directing attention to the use- 
ful properties of elastic vapour. The variety of in- 
terests and opinions opposed to, or in favour of their 
use, exciting discussion, rendered the mining popu- 
lation familiar with the more obvious laws of the 
elasticity of steam, and the effects of its condensa- 
tion. 

Among those whose attention was more immedi- 
ately drawn to the vast importance of Savery's ma- 
chine, as developing a power alone capable of pre- 
serving a vast property from ruinous deterioration 
through the accumulating difficulties of an extend- 
ing and necessary drainage, were a Thomas Newco- 
men, a blacksmith, and John Cawlcy, a glazier, both 
living in the town of Dartmouth in Devonshire. 
At this distance of time it is impossible to ascertain 
what share Cawley had in the invention or experi- 
ments ; but from some papers of Dr. Hooka *, it 
appears that Newcomen had been in correspondence 
with the Doctor, respecting a project to produce a 
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movihg power on Papin's plan of an air pump. 
Amtrng Hooka's papers there are some metno- 
'Hhda, of a letter addressed to Newcomen, dissoad* 
ing him from ejecting & machine on that principle, 
in which there is the following remarkable expres- 
Blcm t ^^ Could he (Papin) make a speedy vacwum 
imdar your second cylinder, ifom work is done." Dr. 
Hobke knew of Papin's scheme of making a vaciium 
by ateftin under the piston, and in some discourses 
Ibefore the Royal Society he demonstrated its iiti- 
praetirability ; and it can scarcely be imagined 
td liatfe been unknown to Newcomen. H6W«- 
€T6t, the effect of the condeiisation of steam and 
its elastic power were now well known; and it is 
probable that the success of Savery^s experiments 
opened new views to Cawley and Newcomen, which 
dedded them in favour of the practicability of Pa- 
pin's project. They, therefore, made the etperiment 
of introducing steam under a piston moving in a 
cylinder, and formed a vacuum by condensing- the 
steam by an affusion of cold water ^ on the outside 
of the steam vessel ; and the weight of the atmo- 
sphere pressed the piston to the bottom of the cy- 
linder. This was the first form of the Atmospheric 
Bngine, — the simplest, and the most powerful ma- 
chine that had hitherto been constructed. 

The method of procuring a vacuum by the con- 
densation of steam was, however, employed in Sa- 
very^s engine, and secured to him by patent* An 

*' ** Savery, however^ claims the invention as his own ; but 
Switser, who Was petfonaUy acquainted with both, is positive 
that Newcomen was the inventor. By his principles (as a quaker) 
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arrangement was therefore entered into between 
Savery, Neweomen, and Cawley, and all their names 
were associated in the grant of a monopoly for the 
new engine which was made in 1705. **As the 
best and most useful inventions and improvements/' 
says Switzer,* " which have been discovered either in 
art or nature, have in the process of time been sub- 
ject to the same, so this ingenious gentleman (Mr. 
Newcomen), to whom we owe this late invention, has 
with a great deal of modesty, but as much judgment, 
given the finishing stroke to it. It is, indeed, gene- 
rally said to be an improvement to Mr. Savery's 
engine ; but I am well informed that Mr. Newcomen 
was as early in his invention as Mr. Savery was in 
his, only the latter^ being nearer the court, had ob- 
tained his patent before the other knew it ; on which 
account Mr. Newcomen was glad to come in as a 
partner to it." f 

being averse to contention, he was contented to share the honour 
and profits with Savery." — Mech. Phil. vol. II. p. 58. Savery 
only claimed the method of forming a vacuum by the conden- 
sation of steam — an essential part of Newcomen*s apparatus ; 
not, as might be inferred from the Doctor's observation, the in- 
vention of the engine. Robison calls Newcomen and Cawley 
^'quakers ;" Desaguliers, who is the better authority, says they 
were '* baptists :" an error of trivial consequence, had not their 
sectarian principles been given by the Doctor as a reason for 
their conceding to Savery what did not belong to him. 

* Switzer*s Hydrostatics. 

t "The French authors," according to Mr. Farey, "have 
claimed this engine also as the invention of their countryman Pa- 
pin, but without any reason. Papin had^gained a knowledge of 
the expansive force of steam in his digester, and he invented the 
mode of working the pistons and cylinders by a vacuum and the 
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In Savery's Engine we have seen that the effect 
is produced in two ways, by the condensation of the 
steam, forming a vacuum in a receiver, into which 
the water is forced by the pressure of the atmo- 
sphere; and where the water was required to be 
elevated to a greater height than from 28 to 30 
feet, he employed the direct pressure of steam of a 
high temperature, and dangerous elasticity. 

. In the Atmospheric Engine, the process is totally 
different ; the steam exerts no direct action upon the 
water, or upon any part of the apparatus, — it is 
merely eiaployed as a means of forming a ^* speedy 
vacuvm^ under a piston attached to one end of a 

pressure of the atmosphere : " (this appears an unanswerable 
argument for Papin's claim^ of having invented the Atmo- 
spheric Engine :) " but he was not the Jirst inventor of either 
of these, Otto Guericke and the Marquis of Worcester having 
discovered the same things long before him ! ! '' When the 
German moistened the valves of his rude machine, it is probable 
that the water he employed was raised by a " sucking" pump : 
therefore, according to Mr. Farey's logic, he was not the inven- 
tor of the air-pump ; but an unknown ancient who contrived the 
sucking-pump, must be considered as having invented the air- 
pump, and the Atmospheric, or Papin*s Engine. This, how- 
ever, we should call a " sucking " inference, so refined as to be 
exquisitely foolish. It is certainly the first time, too, that the 
venerable Otto Guericke has been honoured as the author of an 
invention claimed for Papin, of forming a vacuum by the condeusu' 
tion of steam ; and which Mr. Farey, in the same paragraph, 
also assigns to Savery ! " And farther, he (Papin) had no pre- 
tensions to claim Savery' s discovery of the condensation of steam, 
upon which the engine of Newcomen depends." Savery made 
no discovery, but a novel, refined, and ingenious application of a 
weU-known physical law to an important practical purpose. 
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lever, the rod of a ptnnp-piston, or plunger, being 
affixed to the other extremity. In this construction 
the power of the engine has no reference whatever 
to the strength or temperature of the steam, but 
depends upon the superficial dimension of the piston 
beneath which the vapour is introduced from the 
boiler. The steam cylinder, t, was now, for the first 
time, effectually detached from the ^vatei-pump. 

The steam generated in a boiler, b, in the Fif- 
teenth Figure, was admitted through the cock d, and 
pipe (J, into a cylinder a, under the steam piston 
s, attached by the rod r, to the lever or beam i, i, 
moving on the axis or ftilcnim o. The cylinder a 
was placed in another cylinder, forming a concentric 
space, z, 3, round it. This outer cylinder was con- 
nected by a pijie, ^ to a reservoir, g, containing cold 
water. Another pipe proceeding from its lower end 
was inserted into the well or second reservoir of cold 
water. 

The piston being in the position shewn in the 
Figure, and the cylinder a, being filled with steam 
through the pipe q, the cock d, is turned, which 
shuts off the communication between the cylinder 
a, and boiler h. By opening cock /, cold water 
is now allowed to flow from the reservoir g, through 
the pipe^i into the outer cylinder z, z : this cools 
the cylinder a, containing the steam, which con- 
denses the included vapour, and forms a vacuum 
under the piston *■. The pressure of the atmosphere 
meeting with no resistance from the elasticity of the 
steam, forces the piston to the bottom of the cylinder. 

By this movement, the end of the lever ;, attached 
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by the rod r, to the pLrton, is d^ressed ; and the other 
md of the lever to which the pump-rod i& fixed, ig 
reosed, and draws up all the water above the plunger, 
ill the pump barrel along with ij.. "^ ^ - 

Now, if we suppose the cold water whieh has been 
in contact with the steam cylinder to have con- 
densed all the vapour, the at^iosphere will press 
on the piston with a force equal to that which 
W^ttld be produced by placing about 14f lbs. weight 
oA eaeh inch of its surface. If the piston were 62 
inahes: square, this would be about 915 pounds 
weight, operating to force it downwards ; and, if there 
w^e no resistance from friction, it follows, that in 
the 9ame time an equal weight placed at the other 
end of the lever beam, or a colun^n of water, weigh- 
ing 915 pounds, would be lifited as high as the steam 
piston had been depressed in *the cylinder. 

When the piston has arrived at the bottom of the 
cyUqders the cock d is turned, which again opens a 
ecMninuiucation between the boiler &, and the steam 
cylinder a. In this engine, the steam being only 
equal to the pressure of the atmosphere, the piston, s, 
must be raised by other means to the top of its cylin- 
der. This is effected by a counterpoise, m, fixed on 
k, which is so adjusted as to depress the pump rods, 
and thuQ to raise the steam piston into the required 
poi9it|pi|. During this operation the cock/is shut, and 
the cock e jis opened ; and the water heated by the con- 
d^sation of the steam, in the condensing cylinder z, 
^sci^pes^ into the well or tank o. A very small quan- 
tity of water being formed in the steam cylinder a, 
by the oc^densation of tljie vapour, is allowed to fall 
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through the pipe />, into the same receptacle. The 
cylinder being a second time filled with steam, the code 
/ is opened, and cold water flows from the reservoir g 
into z ; the steam under the piston is again condensed. 
The pressure of the atmosphere a second time having 
the preponderance, the piston is depressed, and the 
pump rod at the opposite end of the lever beam is 
elevated, lifting up the column of water in the 
pump barrel as before. By closing cock J\ opening 
e and ^, the counterpoise, m^ again acts to raise 
the piston s\ and the operation may thus be in- 
definitely repeated. 

The fire-place under the boiler is shewn at n, the 
ash-pit at w ; iT, oOy are the smoke flues ; n is a safety 
valve ; c, a guage pipe, as in Savery's Engine ; w, a 
wall or post supporting the axis v, of the lever beam 
i, i ; t, ty a pipe connected with the pump barrel, in 
which the cold water rises to supply the reservoir g ; 
V, /, is the mouth of the well or mine which is to be 
drained ; K a pipe proceeding from g, through which 
water flows on the top of the piston to keep it air^ 
tight — a contrivance first used by Newcomen. 

In this state of the apparatus, at the latter end of 
the year VIW, the patentees made proposals to draw 
water from a mine at Griff in Warwickshire ; but 
their scheme did not meet with any encouragement. 
In March 1712, through the acquaintance of a Mr. 
Potter, of Bromsgrove in Worcestershire, Newcomen 
succeeded in getting a contract to draw water for 
a Mr. Back, of Wolverhampton. After a great 
many laborious attempts they made the engine 
work ; but not being philosophers enough to under- 
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trtatid the restsons, or mathematicians enough to cal- 
enlatis the powers and proportions of the parts* they 
very luckily found hy accident what they sought 
for. They w^e at a loas for the pumps ; but being 
80 near Birmingham, and having the assistance of so 
many admirable and ingenious workmen, they soon 
came to the method of making the pump valves, 
dadks, and buckets ; whereas they had but an imper- 
fect notion of them before. *^ One thing was very re- 
markable : — ais they at first were working, they were 
suiprised to tsee the engine go several strokes and 
very quick together ; when, after a search, they found 
a hole in the piston which /^ the cold water in, to 
cfymi^ise the steam ifi the inside of t/ie cylinder > 
whereas before they had always done it on the 
outsider^ 

This fbttnnate observatien gave rise to the fine 
improvement of condensing by injection, which hence* 
forwards Hmdered the outer or water cylinder useless. 
The pipe^ in the Sixteenth Figure, proceeding from 
the bAA wattt ireservoir g, is inserted into the bottom 

* OeMigiilieT9« " It does not appear that the Marquis of Wor-^ 
cest^ knvir any thing of the use of an injection, as the machine 
desenbed 1>j him operated oAly by the expansive force of the 
•beiiitti; l ilfii e retfi A e ihjeiitfoti was used in Savenfs engine ftom the 
biKtaliiig, ttid ii in all probabiL'ty his invention." Note by 
Mr. Watt in Robiton's Mech. Phil. vol. II. p. 50. The vene- 
rable improver of the Steam Engine may have been writing 
firom recollection when he stated this opinion. Condensation, 
m all Saverjr's engines, was produced by affusion of cold water 
•on the outside of the receivers. We have seen that in an 
a^^lle erected in 1710 by Savery himself^ the injection was 
not used; and in die '* Miner's Friend" there is no vaentioi) of 
my contrivance hke it. 

F 
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of the steam cylinder. When the piston, s, is at the 
top of the cylinder, and that vessel filled with steam^ 
the cock, f, is opened, and the cold water issues in a 
Jet, and condenses the vapour; a vacuum is formed 
with prodigious rapidity heueath the piston, and the 
pressure of the atmosphere gives it a downward mo- 
tion. The iTijection water escapes by the pipe, p, 
into the well, o. The action of all the parts shewn in 
this Figure is the same as those of the last one ; and 
the same letters in each refer to the same parts, m 
is a counterpoise attached to the lever beam, instead 
of to the pump-rod. The varying lengths of these 
rods require different weights to be hung at its lower 
end, for the purpose of adjustment. When the ma- 
chines were working under loads inferior to their 
whole power, to prevent shocks arising from this 
cause, the quantity of injection was lessened, or the 
injection cock was shut sooner. 

They used, continues DesaguUers, to work with a 
" buoy in the cylinder, enclosed in a pipe ; which buoy 
rose when the steam was strong, and opened the injec- 
tion and made a stroke : thereby they were only able 
from this imperfect mechanism to make six, or eight, 
or ten strokes in a minute ; till a boy named Hum- 
phry Potter, who attended the engine, added what he 
called a scogga7i,* — a catch, that the beam {or lever) 
always opened; and then it would go fifteen or sixteen 
strokes in a minute." f 

• " To scog, to be found scogging, lo be a seogger, are terma 
in very common use in tlie north of Yorkshire, and convey ex- 
actly the meaning of the terms to skulk, to be found skulking, 
to be a skulker : by a slight corruption, scoggan, as the o]>eration 
which it performed enabled the hoy to be scogging, instead of 
attending to his business." — Mechanic's Mag. p. 154, 

+ Desaguliers' Nat. Phil. 
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In consequence of the comparative precision which 
this improvement gave to its movements^ as well as 
on account of the greater safety, and immense sav- 
ing which was made in the quantity of fuel, when 
compared with that used hy machines on Savery's 
principle, the use of the Atmospheric Engine had 
80 extended as in a great degree to supersede the 
high-pressure engines. 

Still many inconveniences remained to he re- 
moved ; and not the least was the necessity of em- 
ploying hoya or men to open and shut some of 
the cocks : for, although the risk of accident from 
the explosion of the boiler might now be considered 
to have been obviated, the effect of the engine de- 
pending much on the condition of its parts, and 
diese being easily deranged by slight irregularities 
in their action, the danger of irjury to the machine 
itself was considerably increased, from the ignorance 
or carelessness of the attendants. 

The mechanism for opening and shutting the 
cocks also remained perplexed by catches and strings, 
until Mr. Henry Beighton, an engineer extensively 
employed in the construction of mining machinery, 
erected an engine at Newcastle-on-Tyne, in 1718, in 
which all these ^* cock-boys" and complication of cords 
were ' superseded by a rod suspended from the beam, 
which operated on a mechanism invented by him 
ealled lumd-gear ; a contrivance, with some slight 
modifieationsy employed in engines of the present day. 
It would also appear that the steelyard safety-valve 
was first used in the boiler of this engine, having 
been suggested to Beighton by Desaguliers. 

The cylinder of the Griff Engine was 22 inches 
in diameter ; and Beighton calculated that it con- 

F 2 
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tained 113 gallouB of steam at every stroke, equal to 
about 14,464 gallons per minute, which was produced 
from about five pints of water ; and this quantity 
was equal in its performance to three- fourths of the 
atmospheric pressure ; so that, making allowance for 
the friction* of the piston, levers, and other part% 
about eight pounds of water was raised by each square 
inch of the piston. 

In examining the Seventeenth Figiue, which is a 
view of the Atmospheric Engine as improved by 
Beighton, it will be seen, that, in addition to the 
hand-gear, he gave a better arrangement and form 
to the parts already in use, and paid more atten*- 
tion to the proportion of the parts among themselves, 
and to the work which they had to perform ; besides 
introducing greater neatness and accuracy of vFork* 
raanship into his engines than had been attempted 
by his predecessors. 

In the Seventeenth Figure, the cistern, x, iai 
the supply of injection water, is placed as in the 
previous engravings, and water is pumped into it 
by a small pump connected with the pipe, y, y^ 
leading from the mine. (The lever beam, z, id nofc 
continued on the pump side beyond its axis, a, as 
this would have required our Figure to have been 
drawn ou a scale much too small for being distinct.) 
To make the piston, d, air-tight, a ring or piecs 
of matchf is laid upon its circumference; which i» 
kept moist by a small stream of water kept constantly 

* Tallow was UHed in these Engines to lessen the friction, bat 
not to keep them air-tight. 

+ The origin of packing the piston is thus given by Deaagti-" 
liefs : — " Having screwed a large broad piece of lather to the 
piston which turned up the sides of tlie cylinder two or three 
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running fix>m the pipe, s, upon the pistoq, ^;«— a 
projecting rim rising above the highest point to which 
the piston is elevated, prevents the water from floiy- 
ing over the sides of the cylinder, when the piston has 
Y^adred its upward stroke : this will also be observed 
in the preceding %ures. The boiler which is shewn 
as eased in brick-work, is supplied with warm water 
from this rim by a pipe, b ; the water falls into a 
funnel, g, attached to a pipe, g, which rises to a con- 
venient height above the top of the brick-work, aud 
descends about a &ot into the water in the boiler ; 
the two gavge^pes^ i, t, are used (as in Savory's 
Engine,) to ascertain the quantity of the water in 
the boiler ; the lower end of one is immersed for 
a diort distance in the water — the lower end of the 
other reaching to within a few inches of its surfoce. 
If steam issues from both cocks when they are 
opened, there is a deficiency of water in the boiler ; 
if both give water, then it shews there is an over- 
abundant quantity. The cold water is injected into 
the oylind^ through a pipe, /; and after it has per*? 
farmed its oflice of condensation it is conducted 
by the pipe, /, t^ and escapes through a valve at its 

iq^b^Si in working it wore through and cut that piece froin the 
othcf , which, falling flat on the piston, wrought with its edge to 
tke cylinder, and, having been ih a long time, was worn very 
itoirbw ; which being taken out, they had the happy discovery, 
wfaiereby they found that a bridle-rein, or even a (soft thick pie^ 
^fpp^^gQiqg round, wQidd make th^ piston air an^ water- 
tight." — Desaguliers' Nat. Phil. Hornblower observes, '* We 
need not s^y any thing to the practical engineer about leathering 
a steam piston. Nor is it necessary to comment on the Doc- 
tor's acquaintance with steam and leather in contact." — Gre- 
gory, lieeh. vol* ii. p., 85S. Ist edition. 
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extremity into the well oi- reservoir. When the 
water which flows from s, on the top of the piston, i> 
not all used to supply the waste of evaporation in the 
boiler, its accumulation would soon fill the rim or cup 
above the piston and flow over its edge upon the casing 
of the boiler. To prevent this overflow, a pipe, u, u, 
is inserted at a, which allows the accumulated quantity 
to fall into the well. The air which is contained in 
the injected water, and produced by the condensation 
of the steam under the piston, escapes by a small 
pipe, w, to which is attached a little cup, with a valve 
opening outwards: wlien the air is expelled by the 
descent of the piston, it is shut by the pressure of the 
atmosphere ; a small quantity of water is occasion- 
ally introduced by the pipe n, to keep it air-tight. 
" This is called the snifting-valve, because the air 
makes a noise every time it blows through it, like 
a man sniftiTtg with a cold.'' 

With the exception of the position of this valv^ 
which Newcomen supplied by the pipe used for con- 
veying the water produced by the condensation of 
the steam into the well, all the parts that we have 
particularized have tlie same operation with those 
similarly placed in the previous figures. The hand- 
gear, contrived by Beighton, is shewn in the Eigh- 
teenth Figure, on a larger scale than in the preceding 
engraving, for the purpose of giving a clearer view 
of its construction and action. The Atmospheric 
Engine, by its introduction, first properly became a 
self-acting apparatus. 

Between two perpendicular pieces of wood, (not to 
confuse the Figure, one only, b, ia shewn,) there is a 
square iron axle, o, which has upon it four iron pieces 
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subservient to the turning of the regulator^ by shoot- 
ing forward and drawing back, l^ei fork, m, m^ fastened 
to the handle, v, v, of the r^ulator, t. In the per- 
pendicular working beam, called by Beighton the 
plug-^frame^ there is a slit whichis contrived' so that 
Its. pins work on the fore part, niiddie, aiid back part, 
to raise and depress the levers, <r, p, z^ that move the 
irou axle, o, as much round as is necessary. On the 
iron axle is fixed a piece called the Y, from its resem- 
blance to that letter, with a moveable weight, f, fixed 
on its upper end. The stirrup^ n, is fixed to the 
hooks, s, s, suspended on the iron axle ; the levers or 
spanners are also fixed upon this axle, at right angles 
to the Y piece. The handle of the horizontal fork 
has holes near its extremity, for the purpose of keeping 
any part of the end, a, in any part of the regulator 
lever, v, v, which moves on a horizontal bar between 
the pins, /, a. 

From the situation of the apparatus, the regulator is 
partly open, which is apparent from the shifting plate 
or valve, shewn by the dotted line y, being turned 
from under the throat-pipe, s, which communicates 
with the cylinder : the situation of the piston in the 
cylinder will be somewhat higher than shown in the 
Seventeenth Figure, consequently the lever-beam and 
the plug-frame are nearly at their greatest elevation ; 
and the pin or pulley, 2, in the slit of the plug-frame^ 
has so raised the lever or spanner^ p, that the 
weight of the head of the Y piece, is brought so far 
from under n, as to have past the perpendicular to 
the axle, and being ready to fall over towards m, 
its shank, d, will strike the pin, 4, of the stirrup, with 
a smart blow, and drawing the fork, w, w, horizontally 
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towards the plug-frame, will also draw the end, o, of 
the handle of the regulator, v, (which slides on the bar 
between t, and a,) and thereby shut off the communi- 
cation between the cylinder and the boiler. The fall 
of the plug-frame will reverse this motion. The mo- 
uient this movement is completed, the pin, 3, on the 
outside of the plug-frame, depresses the lever, x, 
attached to the quadrant of a wheel, ^, which moves 
another quadrant, /', which is fixed on the axis or 
spindle of the cock, e, of the injection-pipe, b, c. 
This, admitting cold water into the cylinder, condenses 
the vapour and produces a vacuum ; and the pressure 
of the atmosphere carries the steam-piston downwards 
and raises the plug-frame. The lever, x, ia raised 
by another pin which shuts the injection-cock, and 
depressing one of the spanner's fixed on the iron axle, 
moves the stirrup and fork into the position which 
opens the sliding valve, and permits the steam again 
to issue from the boiler into the cylinder. 

The Nineteenth Figure is a geometrical view of 
the same engine, slightly varied in some of its details, 
and which on the whole may be considered as improve- 
ments. As its action is the same as those we have al- 
ready described, an enumeration of the names of the 
parts will be sufficient to explain their uses. H, is the 
fire-place under the boiler, w ; i, i, are the two gauge- 
cocks ; o, the spindle of the regulator valve, which 
opens or shuts the communication between the 
cylinder and boiler by the throat-pipe, e ; the 
pipe, t, t, carries the heated injection water into 
the well ; from this pipe, a small branch, g, proceeds 
with a funnel-cup, having a valve opening upwards ; 
the hot injection water passes from this into the 
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boiler, and an additional supply is procured by the 
pipe, hj from the cup containing the water used to 
make the steam-piston iirrtight ; r, ^ is the piug^ 
frame \ p,/?, the spanners^ moring the fork, and 
lever of the regulating valve^o^ vvhich is constructed 
somewhat diffidently in this^ Irp^ i;he preceding Fi* 
gure; m^ is the tumbling bob, which has the same 
use and operation as the Y piece. The iryectioiP' 
cock, kf is moved by a similar contrivance of a fork 
acting on the end of a lever, and which is put in 
action by pins fixed in the plug-JraTne^ to move the 
spanner 9 k ; e^ is a weight or tumbling bob^ or Y 
piece, to give the necessary momentum to the move* 
ment of the injection-cock lever ; ^, a pipe from the 
cold water cistern-pipe, f^ from which a small stream 
ocmstantly flows on the top of the piston ; <r, the cold 
water cistern ; c, the rod attaching the steam-piston 
to the chain fixed to the lever beam ; z, the lever 
beam ; a, its axis ; B, the wall or post which supports 
it ; D, beams or joists to which the flanches of the 
cylinder are bolted ; l, the groove or cavity in the 
floor of the engine-house, in which the lower extre- 
mity of the plug-frame moves ; 7, a cock for emptying 
the boiler ; A, the safety-valve. 

In all the figures we have given of the Atmosphe- 
ric Engine, the steam cylinder is shewn standing 
upon or over the boiler: this was the usual con* 
struction. It was obviously difficult and impossible 
to keep the boiler and cylinder so firm in their posi- 
tion, as was necessary to preserve the accuracy of 
their movements. The least want of predsioii, too, 
in the caning and shutting of the injection and 
steam-valves, was attended with the most disastrous 
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effects in this arrangement. Engines on the best 
construction, and most accurate workmanship, were 
subject to a jolt or shake, at the moment when the 
vast mass of matter in the beam had its motion reversed, 
which loosened the boUer.in .a. very, few. days from the 
brick-work ; and even in the engines conStructed by 
Smeaton, forty years after this period, where every 
precaution was taken to insure stability which could 
be suggested by a sagacious mind and long experience, 
— of bolting the cylinder to strong beams of timber, 
resting on massy walls totally unconnected with the 
boiler or its appendages, as in our Sixteenth, Seven- 
teenth, and Nineteenth Figures, — yet, during the 
upward motion of the piston, the boiler and cylinder 
were lifted up as much as the resilience of the sup- 
porting beams would allow, and equally depressed at 
the downward movement. To obviate these disadvan- 
tages, the parts were sometimes arranged differently, 
— the cylinder was placed beside the boiler, and it 
was fastened to a solid mass of wood and stone, quite 
unconnected with that vessel. This was a decided 
improvement ; but still it was found tliat the pii>es 
connecting the boiler and cylinder were almost always 
out of order, and were a constant source of repair 
and its attendant expenses. 

"In 1716," says Desaguliers, "whenDr. S'.Grave- 
sande (who had come to England as secretary to the 
DutchEmbassy)andmyself were considering Savery's 
Fire Engine, as it is described in Harris's Lexicon 
Technicum, it appeared to us that there was a great 
waste of steam, by its continually acting upon the 
receivers without intermission; it becoming useless 
until it had heated the surface of the water in the 
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reservoir, and also to a certain depth : we thought^ 
that were it so contrived that, after the steam had 
pressed up one receiver full of water, instead of being 
thrown upon another, it should be confined in the 
boiler till the reservoir was refilled by the atmosphere, 
and then turned upon the water ; that by this means 
its confinement might give it so much force, that it 
would push hard against the surface of the water, 
and have discharged a great deal of it even before it 
had heated the surface ; and that Savery had, per- 
haps, in his great work chosen to use two receivers, 
because the Marquis of Worcester mentions two in 
his account. We resolved to have a working model, 
made to act either with one or two receivers. This 
model soon shewed us that one receiver could be 
emptied three times, whilst two succeeding ones 
could be emptied but once each ; so / that, by this 
means, an engine would be so simple as to be more 
easily worked, cost almost half less, and raise a third 
more water/'* 

"This engine is shewn in the Nineteenth Figure. 
A spherical boiler, w, is enclosed in brick- work; 
/, is the fire-place, and y, the ash-pit; rf, the 
chimney ; f, /, are the usual gauge-cocks ; r, is the 
water in the reservoir A*, which is to be raised 
through the suction-pipe, n, and valve a, into the 
recover z ; the pipe, 6, connects the boiler and re- 
ceiver ; o, a cock called a four-way cock, with levers 
or handles, gj g, for opening it ; a?, a cock and pipe, 
conveying water for the injection from the eduction- 
pipe, f». The operation is the same as of that shewn 
in the Twelfth Figure. The steam flowing from 

* Nat. Phil. 
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the boiler through b, is admitted by the cock, o, into 
the receiver, ;:■, and pressiiig on the surface of the 
water, raises it througli c, up the pipe m. The lever 
or handle,^', ia now turned, and the cock presents its 
solid side to the opening of the pipe b, which inter- 
rupts the communication between the boiler and 
receiver, at the same time that a quantity of cold 
water is allowed to fall into the receiver from the 
pipe, w; this condenses the steam, and forms a va- , 
cuum in the receiver ; the water in the reservoir, k, 
is now elevated by the atmospheric pressure through 
pipe, u, into the receiver, z, and fills it. The han- 
dle of the cock, o, is then drawn into its first posi- 
tion ; and the steam again presses the water in the 
receiver up the pipe in. 

In Savery's first engines the condensation was 
invariably accomplished by condensing the vapour, 
by an affusion of cold water on the outside cylinder, 
a. We have no authentic information at what 
period the high-pressure engines were constructed 
to condense by a jet in the inside ; probably about 
1713. In the engine we are describing, the con- 
densation by injection was improved by the water 
being made to fall through a cullender, a, in order, 
by diffusing the jet more erjually, to get a speedier 
condensatiou. It is necessary, however, to remark 
that this contrivance may not be due to Desagu- 
liers, from his 7U)t laying claim to it, 

Desaguliers tells us be erected seven of these 
engines in 1717 and 1718. The first was made 
for Czar Peter I. for his Garden at Petersbnrgh. ' 
The boiler was made " spherical, as they must all 
be in this way where the steam is much stronger 
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than the air, and held between five and six hogg- 
heads ; the reoeiyer held one hogshead, and was filled 
and emptied four times in a minute. The water 
was drawn up by the suction or pressure of the 
atmoBpfaere, twenty-nine feet high out of the well, 
and then pressed up about eleven feet higher. The 
pip^ wer^ all of copper ; but soldered to the horse 
with soft solder, which I knew woidd hold very well 
for that height, or a greater height for that quantity; 
for if the quantity was larger, then the boiler must 
begieater, and the steam of the same force would 
ham a greater surface to act upon, which might 
buEst the boiler, or require it to be made much 
thicker/' 

" Another engine," says the Doctor, " which I put 
tap for a fidend about twenty-five years ago, drew up the 
water twenty-nine feet from the well^ and then it was 
ftroed up by the pressure of the steam twenty-four 
feet higher into a cistern, holding about thirty tons, 
set up at the top of a tower, in order to run down 
again through a pipe of conduct, and play severdi 
jets in the gardens* But sometimes no jets being 
played, the water was at the height of five or six 
net disdiarged out of the force-pipes, to fill the 
ponds and water meadows in dry weather; which it 
did with a less strength of steam than what drove 
the water into the tower ; or if the same strength 
were kept up, one might make eight or nine strokes 
in a minute, instead of about «ix, when the water was 
driven up into the cistern. Upon the safety-valve 
there was a steelyard, the place of whose weight 
shows the strength of the steam, and how high it 
was capable of raising water. But when the weight 
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was at the very end of the steelyard, tbc steam then 
being very strong, would lift it up, and go out at 
the valve rather than damage the boiler. But about 
three years ago, a man who was entirely ignorant of 
the nature of the engine, without any instructions 
undertook to work it ; and, having hung the weight 
at the further end of the steelyard, in order to collect 
more steam to make his work quicker, hung also a 
very heavy plumber's iron upon the end of the steel- 
yard. The consequence proved fatal ; for after some 
time the steam, not being able with the safety-clack 
to raise up the steelyard loaded with all this unusual 
weight, burst the boiler with a great explosion, and 
killed the poor man, who stood near, with the pieces 
that flew asunder ; there being otherwise no danger, 
by reason of the safety-valve made to lift up and 
open upon occasion."' 

" About as much fire as a common large parlour- 
fire was sufficient to work this engine, and to raise 
fifteen tons per hour. This engine, according to my 
method, consists of so few parts, that it comes very 
cheap in proportion to the water that it raises ; but 
it has its limits, as I said before.'* 

It is but justice to Savery to notice the engine 
which his arch enemy propounds as an improvement, 
to be only a copy of the meclianism (shewn in our 
Twelfth Figure,) which the Captain constructed fif- 
teen or sixteen years before. " It has nothing but 
a nickname to conceal its legitimacy. ' The mode of 
forming the valve is taken from Papin, but as applied 
by the Doctor, it can by no means be considered an 
improvement. 

" Dcsaguliers' Nat. Pliii. 
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Tn comparing his improved engine with the Leaver 
Engine, often called Newcomen's, the Doctor observes, 
that ** it must not be too small ; for then it will have a 
great deal of friction, in proportion to the water that it 
raises, and will cost too dear, having as many parts as 
the largest engines, which are the best and cheapest, in 
proportion to the water they raise, the friction being 
always as the diameter ; whereas the water raised is 
as the square of the diameter of the cylinder, and a 
much greater part of the whole power is employed to 
move all the little machinery than in a great one. 
I -had an experimental proof of this, at Westmin- 
ster, in the year 1728 or 1729, when Mr. Jones (com- 
monly called Gun Jones) built a working model of 
the Leaver Engine in my garden ; (which model he 
had a mind to present to the King of Spain). I had 
at the same time, near the place where he erected his 
en^e, one in Savory's way, which raised ten tons 
an hour about thirty-eight feet high. He made his 
boiler the exact size of mine, and his cylinder was 
ax inckes bore and' about two feet in length. When 
his model or Leaver Engine was finished, it raised 
but four tons an hour into the same cistern as mine. 
It cost him SOO/.; and mine, having copper pipes, 
cost me but 80/."* 

In the earliest application of Steam, it acted by its 
expansive power, against the pressure of the atmo- 
sphere^ as in Decaus s and Savery*s Engines, and 
in one of Papin's inventions it was made to raise a 
piston. Leupold, the well-known author of the ^ The- 
atrum Machinarum," following this idea about 1720, 
constructed what may be considered as the first high- 
PKESSURR L£T£R ENGINE, in which the steam 

. ♦ Des. Nat. Phil. 
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was permittetl to escape into the atmosphere, after it 
had performed the office of raising pistons attached 
by rods to a lever. With a candour unusual in the 
history of the Steam Engine, Leupold* ascribes the 
sole merit of his contrivance to Dr. Papiu, as it was 
to him, be confesses, that he was indebted for the 
idea of employing the elastic force of steam to raise 
water; and also because the Jbur-tvay cock was talcen 
from Papin, who bad employed it in his Air Engine. 
The Twenty-first Figure is a view of Leupold's 
machine, as given by himself. The boiler, a, commu- 
nicates bv a cock, a?, with the bottom of two cylinders, 
having pistons, c, d, moving in them ; these pistons 
are attached to the levers, g, and h, by the rods, e, 
and J". To the other end of these levers are fixed 
■pump-rods, k, !, having pistons at their lower ends 
working into the barrels or cylinders, o, p ; q, au 
eduction-pipe, communicating with the pump, in 
which- the water is forced upwards ; z, the fire-place ; 
y, the ash-pit ; i, i, the pivots, on which the levers, 
g, h, move ; w, a cock, so constructed as to shut t^ 
the communication between -the boiler and either of 
the cylinders, while it opens a communication with 
the atmosphere. 

In the situation of the apparatus shewn in the 
Figure, the steam in the boiler a, flows through the 
passage 3, iu the cock x, into the cylinder r, and 
presses the piston c, upwards: this depresses the 
pump-rod k, fixed to the other end of the lever 
h, which forces the water (under the plunger) up the 
pipe q. When the steam has raised the piston c, to 
nearly the top of the cylinder, the cock x is turned, 
and the passage between the cylinder r and the 
, " " Thealrum Macliiiiaruni," vol, ii. Tabula. 30. 
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boiler is closed, and a communication is opened from 
the inside of the cylinder: iftto the -atmosphere. 
The weight of the rod /, and. the piston. c,* being 
made greater than A% and o, the piston c falls, to the 
bottom of the cylinder, and( the-^steam which raised it 
escapes through z^ into the atinospn^. '' This jlosition 
of the cock is shewn in the Twenty-second Figure. 

From the construction of the four way - 
cock, at the moment in which the pas- 
sage of steam into the cylinder r was 
closed, another passage was opened be- 
tween the boiler and the cylinders; the 
elasticity of the steam forces the piston d upwards, and 
depresses the plunger at the end of the rod Z, and im- 
pels the water in the barrel p under it, up the pipe q. 
When the piston d has reached the top of its cylinder, 
or made its stroke, the further passage of steam from 
the boiler is shut oflF by turning the cock oo ; and 
4he steam escapes into the atmosphere through z; 
and' c/, descends in the cylinder by its preponderance 
in the same manner as c. During the ascent of d, 
€ has fallen to the bottom of the cylinder r. The 
steam-passage from the boiler being then opened, 
c is again raised in its cylinder while the vapour in 
s is escaping into the atmosphere ; thus producing 
an alternate vertical motion in the pump-rods k and /. 
It was subsequently suggested to attach the levers 
to each other, by which the ascent of one piston 
depressed the other without employing a counter- 
poise. 

Leupold also proposed using Savery's Engine to raise 
water by the elasticity of the vapour only. Instead of 
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condensing the steam he allowed it to escape into the 
atmosphere, a, in the Twenty-third Figure is the 
boiler ; 6, a pipe from that into receiver ; c, the educ- 
tion-pipe. When the water has been expelled by the 
elasticity of the steam, the fourway-cock e^ shuts off 
the communication from the boiler, and allows the 
steam in the cylinder to flow into the atmosphere. It 
was suggested that by using an intermediate vessel 
into which the steam might be admitted before es- 
caping, some of the heat might be saved. When 
the steam has forced all the water from the receiver, 
a communication is opened into the second vessel, 
and the cock from the boiler is shut. When the 
receiver is again filled with water, or while it k 
filling, the cock is opened, the steam imparts its heat 
to its sides and to the surface of the water ; aU the 
heat, so^ acquired, is obviously saved; as the same 
quantity of steam would be condensed, at its admis- 
sion from the boiler, by the receiver and sur&ce 
of the water. The air which might accumulate 
Jn the second vessel was got rid of by a small 
cock opening into the atmosphere. A separate 
vessel for this purpose, in Savory's arrangement of 
the double cylinders when employed only for forcing, 
was sometimes used; the effect could not be much 
greater than when an injection was introduced in the 
usual manner. 

MM. Mey and Meyer's apparatus, a description 
and engraving of which were published * by the 
French Academy of Sciences in 1726, offers no pecu- 
liarity in its arrangement or construction, from that 
shewn in the Nineteenth Figure. 

* Machines approuvees, p. 209. Tom. VII. 
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Although Mr. Jonathan Hulls did not originate ^ny 
novelty in the construction of t)ip. Atmospheric En- 
gine, he is entitled to the honoatrable notice of hjfving 
proposed* the application of paddle- wheels mi) vfd by 
a Steam Engine, to propel ships, instead of wind and 
sails. In this scheme it was necessary to convert 
the alternate rectilineal motion of a piston-rod into 
A continuous rotatory one, and which he ingeniously 
suggested might be accomplished by means of a, 
crank. This is now with justice coniadered to be 
that invention which introduced the Steam. Engine 
«s a first mover of every variety of' machinery. \ 
Hulls was unable to interest the public in his project; 
and his mode of applying the crank was so com- 
pletely forgotten^ that at its revival, about forty years 
aftey: this period, a patent was obtained for the in- 
vention, and the merit of the application was also 

* A Description and draught of a new-inyented machine for 
carrying vessels or ships out of or into any harbour, port, or 
river, against wind or tide, or in a calm. By Jonathan Hulls. 
London, printed for the author, 1737, price 6d. 

t In page 41, Savery's scheme of moving ships by paddle- 
wheels is described. Dr. Brewster considers Hull's adapta- 
tion not of much moment: **The substitution of the power 
of horses, or of steam, or of heated air, in place of the strength 
of men, appears to us no invention at all: if it were, we 
should have numerous rivals contending fbr the honour of 
applying the Steam Engine to the thre^ing machine. When 
Mr. Jonathan HuHs therefore, in the year 1736, took out a patent 
for the application of one of Newcomen's Steam Engines to a vessel 
for towing ships in and out of harbour, he merely proposed to 
substitute the power of steam in place of the power of men. 
His proposal was neither characterised by sagacity nor inventive 
, genius^ and the intermediate mechanism by which the recipro- 

<3 2 
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claimed by the celebrated Mr. Watt, evidently with- 
out any knowledge of Hull's suggestion. 

The success of the improvements which were gra- 
dually introduced into the hand-gear, or self-acting 
mechanism of the Atmospheric Engines, prompted 
many schemes to adapt a similar apparatus to those 
on Savery's construction. 

A contrivance described by Gensanne,* is shewn 
in the Twenty-fourth Figure, x^ is the receiver; 
A, a pipe rising from the cistern ; g^ the eduction- 
pipc* f* the injection-pipe; c, lever of injection- 
cock; 6, the axis of the steam-valve, w, which 
slides horizontally; m^ top of boiler; (7, d^ two 
tumbling-bobs, performing same office as in the At- 
mospheric Engine ; — the position of the sliding-pin 
c, is so adjusted, that when the steam-valve is open, 
the injection-cock is shut. From the manner in 
which the levers are connected, their simultaneous 

eating motion of the piston was converted into the rotatory mo- 
tion of the paddle-wheel, or fans, as he called them, was- clumsy 
and imperfect." — Ferg. Mechanics, vol. ii. p. 113. In antici- 
pating a similar objection. Hulls gives a fair answer to it :-^" If 
it should be said that this is not a new invention, because I make 
use of the same power to drive my machine that others have 
made use of to drive theirs for other purposes ; I answer, — ^The 
application of this power is no more than the application of any 
common or known instrument used in mechanism for new -in. 
vented purposes." — Hulls, as quoted by Brewster. It is not al- 
ways a fair way to judge of the value of a contrivance by its im^ 
portance as estimated in times of comparatively refined invention. 
At this moment we should call the application of the St^am En- 
gine to move Balloons, a very fine invention ; although the Engine 
itself should be the identical one that had moved a threshing- 
machine or a coal-waggon. 

* " Machines ApprouvGs," p. 300. Tom. VII. 
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(rather than self-acting) operation will be; so »xlearly 
shewn by an inspection of the: figure, as: not; to re- 
quire further illustration^ From Gensann6's pre- 
liminary observations, it jipfjears that .^1}0ut^ 1744, 
several engines had been -eiecte5';iii*Pr*ce* He 
mentions one at Fresne near Cond6 ; one at Sars, 
near Charl^roi, where it was employed in draining a 
coal-mine; and a third at the lead-mines near 
Namur. The celebrated Belidor gives a good de- 
scription of the engine at Fresne ; * to which place 
he made several journeys to observe it in operation, 
while he was drawing up his description. 

De Moura, a Portuguese gentleman, also pro^ 
posed an ingenious arrangement of levers for this 
purpose; of which he submitted a model to the 
Royal Society. It is described in their Transac- 
tions; but the Atmospheric Engines having very 
generally superseded Savery's, it did not receive 
that degree of attention to which, under other cir- 
cumstances, it would have been entitled. " What is 
peculiar to this engine, is a float with the receiver, 
composed of a light ball of copper, which is not 
loose therein, but fastened to the end of an arm, 
which is made to rise and fall by the float, while the 
other end of the arm is fastened to an axis. This 
axis is made conical, and passes through a conical 
socket, and by means of the rising and falling of the 
surface of the water within the receiver, communica- 
cates a corresponding motion to the outside, in order 
to give proper motion to the rest of the gear.f " 

Nothing that had been done since Beighton's time 

* Architecture Hydraulique, Tom. II. p. 300. 
t Smeaton, PhilosophicaK Transactions, page 437. Vol. 
XL VII. 1752. 
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had any great effect in diminishing the enormous 
waste of fuel, which took place in the most im- 
proved forms of the engine. Different constructions 
of the fire-place and boilers w^re pK^osed as reme^ 
dies for this evil, but in practice they gave no ad- 
vantage. Mr. Payne's * scheme for allowing very 
small streams of water from revolving pipes, to fall 
on the inside of a hollow cone of cast-iron kept red^ 
hot, was not found to be efficient for the production of 
the necessary quantity of vapour, and soon destroyed 
the apparatus. Mr. Smeaton conducted the flame 
through a great length of circuitous channel, before 
it entered the chimney, with the hope of arresting a 
greater proportion of the heat by detaining the smoke 
a longer time under the boiler. On trial it was 
found that the draught or flow of the air through 
the fuel was so weakened, that more was lost by the 
imperfect combustion of fuel from this cause, than 
was gained by the longer retention of the heated 
vapour. The theory of combustion had but begun 
to attract the attention of experimental philosophers ; 
and it was many years after this period before any 
progress was made in its investigation. Its applica- 
tion to .the economy of fuel in furnaces is due to the 
labours of a very recent period. 

The patent obtained by Mr. Blakey in 1756 was 
for preventing the water in Savery's engine from 
coming into contact with the steam, by interposing 
a quantity of oil between them: this, from its less 
specific gravity, floating on the surface of the water 
in the receiver, operated as a nonconducting piston. 
He likewise employed two receivers^ one placed over 

* Phil. Transactions, 1741. 
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the Other; so that the water under the oil would 
always be the same, instead of being renewed at 
each injection, ^ir might also be interposed be- 
tween the steam and the water, to prevent their 
coming into contact. The steam which was ad- 
mitted into the highest receiver being lighter than 
the air, occupied the upper part, and pressing the air 
before it, displaced an equal quantity of water, by 
fordng it up the eduction-pipe. In practice this was 
not found to answer ; the compressibility of the air 
absorbed too great a portion of the power ; and besides, 
although the steam was* prevented from coming into 
contact with the surface of the water, either by em- 
ploying air, or oil, pr both,— still, from the construc- 
tion of all engines on this principle, the oil and the 
air must come into contact with the sides of the 
receiver, and surface of the water — and lose a por- 
tion — a great portion, of their temperature. These, 
in their ascent into the first receiver, absorbed part 
of its heat, and operated in the same manner as the 
water used in the common engines ; although, from 
the lower conducting power of oil or air, their ab- 
sorption of heat, from the receivers, was less than 
in engines on the usual form. 

This saving was not, however, found to be of 
so much amount as to overbalance the disadvantages 
which were experienced by the interposition of the 
air, particularly, as a moveable piston. " Great con- 
tention arose among some of those who counted them- 
selves men of science," says Hornblower, " as to the 
practicability of such a project : some giving it as 
their opinion, that if the principle were to be admitted, 
it would be very difficult to apply it in mines, where 
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it would require ten atmospheres at least ; while 
others, with exalted pretensions, declared it possible 
to conduct its influence to the centre of the earth. 
But an accident terminated the event as to this 
en^ne in Cornwall, by one of the steam-vessels 
bursting, through the force of the steam, though 
much under the degree 6f power proposed to the 
Cornish gentlemen."* Mr. Blakey's attempts to 
introduce it into other countries were probably un- 
successfiil from similar failures. " Such is the dege- 
neracy of man," continues Homblower, " that while 
the Academy of Sciences at Paris, and the delegates 
of the States-general in Holland, were pluming him 
with the gaudiest expressions of their approbation, 
not one instance can be found where he received the 
encouragement he was led to expect." t 

Blakejrl Engine is shewn in our Twenty-fifth 
FigiXre. E, is the boiler ; d, a pipe proceeding from it 
into the receiver, or air-vessel, i : this receiver is 
placed over another vessel ty of equal capacity, and 
joined to it by the pipe /; the receiver v, is con- 
nected by the pipe q, with the well suction-pipe 
and eduction-pipe x; c, is a funnel to supply the 
boiler with cold water ; t, the injection-pipe and 
cock L ; p, a cock to supply air to the receiver, or to 
permit its escape when its accumulation renders it 
necessary: this is also employed as a gauge-cock; f, 
a gauge-cock on the boiler. The fire-place, ash- 
hole, and chimney, are similar to those of all other 
engines we have described. 

The operation of this engine is the same as 

* Hornblower, in Greg. Mech. p. 306. vol. II. 
t Homblower, in Greg. Mech. p. 363. vol. II. 
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Savery's, and abundantly sknple. . . Steam i$ generated 
in £, which flowing through i), displaces -the air in i, 
(driving it before it like a pistx)n)- through';/; ihto the 
receiver v; which pressing on the water in Yj forces 
it through q, up the eduction-pipe x.; * when all 
the water is expelled from v, up the pipe x, into 
the reseiVoir, the injection-cock l is opened, and 
the water falling through the small holes in the cul- 
lender at the end of pipe x, condenses the steam in 
I, and falling through a second cullender placed in 
the upper part of v, it also condenses the steam in 
that vessel. A vacuum being produced in i and part 
of V, the pressure of the atmosphere forces the water 
in the well M, up the pipe B, into the receiver v. 
When it arrives at the height of s, the steam-cock 
D, is opened; and the vapour from the boiler entering 
the vessel i, presses the air it contains through /into 
V, and displaces the water in v, which makes it flow 
through Q into x. When the vessel v is emptied, 
the steam-cock is shut, and the injection-cock 
opened, and the pressure of the atmosphere raises 
the water from M, again into v. This, it will be 
perceived, is only Savory's Single Engine; for no be- 
nefit is obtained by two receivers connected by a 
pipe. In Savory's the interposition of the air, as a 
piston, between the steam and the water, was con- 
sidered a practical defect, for which there could only 
be an occasional remedy : an4 it was not surprising 
that Blakey's scheme to make use of this defect, 
with a prodi^ous extension, should fail in practice. 

In the engraving the cocks are shewn as if formed 
to be open^ and shut by hand; but in practice 
Blakey adapted a series of levers to perform these 
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operations ; and their alternations were r^ulated by a 
hollow sphere which rose and fell with the surface or 
the water, in the manner of a common ball-cock. To 
generate steam of the required elasticity, and in fiuffi- 
dent quantity, he contrived a boiler, which is shewn 
in the engraving, and will be clearly understood from 
inspection.^ It was not, however, included in his 
patent, nor invented for many years after it : its place 
as to date is about 1774. We insert it here to ^ve 
his improvements in one engraving. It is on the 
same principle as that recently introduced by Woolf, 
and employed with great advantage when attached 
to his engines. 

In 1758, Mr. Kean Fitzgerald published in the 
Philosophical Transactions, a method of converting 
the reciprocating motion of the Atmospheric En- 
gine into a rotatory one, " by employing a combina- 
tion of large toothed wheels y and of smaller ratchet 
wheels worked by teeth upon the arch or sector of 
the great beam : one of these ratchet wheels being 
put in motion by the ascent of the beam, and stand- 
ing still during its descent, when another ratchet 
wheel is moved by an intervening wheel in the same 
direction as the first; and thus the two communicate 
a continuous rotative motion to the axis on which 
they are placed, which is thence transmitted by a 
larger toothed wheel to a smaller wheel or pinion, 
on the shaft of which \^ a fly to accumulate momen- 
tum, and a crank proposed to be applied to work ven- 
tilators and to many other useful purposes. Tlie 
%, by accumulating in itself the power of the 
machine during the time it was acted upon, would 

* Blakey sur les P&mpes k Feu. 
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^c^ontinue in motion^ and urge forward the machinery 

-'^oohilst the Steam Engine was going through its 

inactive returning strdce."* It would seem that 

IM n ¥^t^€9^d had made a model of his contriv- 

:aiice ; but it did not appear to Mr. Watt, who had 

xnade an accurate search at the office, that any patent 

was fever taken out for the invention. •* Fitzgerald 

published proposals for erecting mills of aU kinds 

drivCT by Steam Engines ; but these proposals do 

not appear to have met with the confidence of the 

public." * 

Savery's Engine had fallen into disuse, and 
after Smeaton had pointed out the principles which 
should govern the construction and proportion of 
the parts of the Atmospheric Engine, little scope for 
improvement appeared to be left for other mechanics. 

The celebrated Brindley, in 1759, attempted to 
reduce the quantity of coals used by Steam Engines, 
by forming the sides and top of the boiler of wood, 
and the bottom of stone. The fireplace was made 

* Robison. 

"In 1781 the Abb6 Arnal, Canon of Alais in Languedoc, 
entertained a thought of the same kind, and proposed it for 
working lighters in the inland navigation ; a scheme which haa 
been successfully practised (we are told) in America. His bro- 
ther, a major of Engineers in the Austrian service, has carried 
the thing much farther, and applied it to manufactures ; and the 
Aulic Chamber of Mines at Vienna has patronised the project. 
(See Journal Encyclop^dique, 1781.) But these schemes are 
long posterior to Mr. Fitzgerald's, and are even later than the 
erection of several machines driven by Steam Engines, which 
have been erected by Messrs. Boulton and Watt. We think it 
our duty to state these particulars, because it is very usual for 
our neighbours on the Continent to assume the credit of British 
inventions." — Dr. Robison, Encyc. Brit. 
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in the inside of the boiler, and was surrounded with 
water. But this scheme was abandoned, in conse- 
quence of the rapid destruction of the wood by the 
steam ; and Brindley resorted to the practice of cas- 
ing iron boilers with wood.* Smeaton at this time 
began to form the under side of the steam piston 
of the same material, and with hardly greater ad- 
vantage. 

Many, engines on Newcomen's arrangement had 
been erected in various parts of France, and were 
employed in three instances in Holland. Blakey 
also erected some engines on Savery's plan for the 
purpose of draining land. About 1700, the Atmo- 
spheric Engine was in use in the British American 
States, but the purpose to which it was applied is 
not stated. In the jprovince of New England there 



* Dr. Robison states that Mt. Watt was the first who practised 
this mode of surrounding the fire-place with water. " The mode 
of conveying flame through water," says Mr. Watt in a note to 
the Doctor's statement, '^ had been practised by others before 
my time, and was common in the Cornish mines. The inventor 
is unknown, but a person of the name of Swaine was a great pro- 
pagator of the practice." Rob. Mech. Phil. art. Steam Engine. 
The patent in the text appears to have been imknown to Mr. 
Watt; but in fact Brindley only revived the method. Sir 
Robert Moray and Dr. Groddard, in the beginning of 1663, pro- 
posed *' brewing beer in a kettle, having only a brass bottom ; 
and in the middle thereof a globe of brass open at the lower 
end, into which the fire goes, whereby the brass of the rest of the 
kettle is saved.^' Glauber used wooden casks foV boilers, and he 
boiled the water they contained by " a small copper globe, (which 
was attached to them) placed in a furnace heated with sea-coal ; " — 
" a contrivance," saysHooke, " which if prosecuted might perhaps 
be very beneficial to brewers, dyers, and such other trades as 
have occasion to make use of great quantities of water heated.' 
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v^ere two in operation a little after this period, one 
of them for draining a copper-mine on the Passaick.^ 
— Those which were in action in Holland and 
iFrance^ like those in America, had heen manufac- 
taxed in England. 

The increasing commerce of the country had 
given a new impulse, and in numerous instances a 
mote beneficial direction, to those operations con- 
nected with the construction of machines in general. 
The woollen manufacture, enlarging its houndaries, 
created a demand for the labours of the machinist, 
and opened a tempting and flattering prospect for 
mechanical inyentions, to abridge or to expedite its 
manipulations. The cotton trade, which has in our 
times received such a prodigious extension, was at 
this period establishing itself; and, jfrom the novelty 
of its processes and importance of its fabric, emi- 
nently assisted to stimulate mechanical skill and 
invention. The Atmospheric Engine, employed ex- 
tensively as a drainer of mines, having begun to be 
considered, since Fitzgerald s proposal, as offering 
a power capable of being applied as a general first 
mover, f also tended to introduce among artisans a 
feeling of thfe necessity of more correct and varied 
knowledge than was demanded from them when water 
or windmills, or animal labour, were exclusively re- 
sorted to, to give motion to pumps and to the few 

♦ Historical Account of the Steam Engine. 

f It had, however, been used indirect fy as a first mover of ro- 
tative machines, by being made to pump water to a given height, 
which was then conducted on a water-wheel of the common 
construction: a mode which was also sometimes resorted to 
where Savery's Engine was in operation. 
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other machines which then sufficed for the manufac* 
ture of those commodities, whicb, from local circum- 
stances favourable to their production, were considered 
as the staple produce of particular districts. 

Availing themselves of this increasing mechanical 
taste, several enterprising individuals had opened a 
field of honour and emolument, by reading lec- 
tures in the provincial towns, on the more attractive 
branches of mechanical philosophy ; the resident 
professors in some of the colleges following the spirit 
of the times, had also begun to adopt a more popular 
manner of imparting those principles of science 
which are more immediately appUcable to mechanical 
purposes, than had hitherto been practised in those 
learned establishments. In the enlightened endea- 
vour to illustrate the truths of philosophy by the 
operations of the manufacturer^ that constellation of 
great men who, about the middle of tlie eighteenth 
century, filled the chairs of the various professorships 
in the college of Glasgow, were honourably distin- 
guished ; and to their exertions in diffusing a taste 
for blending science with usefulness, was mainly 
owing the opening of the channel of that prosperity, 
which has since flowed in a full and tideless stream 
upon their beautiful city — ^now so distinguished 
for the number, enterprise, and honour of its mer- 
chants — so pre-eminent for the intelligence, love of 
science, and admirable mechanical skill of its artisans. 

The museum of this distinguished body was un- 
usually complete in its collection of mechanical ap- 
paratus, aud, above al' '' sessed a small work- 
ing model of a Stei circumstance me- 
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morable among mechanics for the important lemhi 
which its possession occuionecL 

W^e have, in the course of this essav, had manr 

^ mm 

occasions of mentioning the name ai Dr. Rofaisoo as 
an author of the highest—of the tot first andioiirT. 
in the History of the Steam £i^;ine. The tieata e s 
inserted in the EncvdopaBdia Britaimiea did Inm 
infinite h<mour ; and he may be in^anced as amoi^ 
the few English mechanical writers posKssed of the 
rare talent of imparting his own Taried zsA ytdkfosA 
acquirements, in a style whidi deBgfau the fdwlar 
by its animated elegance, and alfaues the nyrfamr 
by its perspicuity and simplicity. We hare tluNigfit 
it our duty, therefore, to point out some ernn in the 
Doctor^s work, solely fiwm the ditomstacee of the 
authority of his name being so great as to hare 
given currency to statements which hare mided 
authors whose acquaintance with the sobject. r.rjd 
opportunities of obserration, ought to have eibabl^ 
them to have been more accurate. 

At the date of our narratiTe, be was a t^ 
young man studying at the uniTeisity of GLygcw. 
devoted to mechanical pursuits; and in hsLMk 
of intimacy with Mr. James Watt, who had lately 
been appointed to the care of the mnrersitTt 
collection of mechanical and plnloaophical modda, 
and then living in apartm^oits within the eolkge. 
At this period Robison had anticipated azi extcB- 
sion of the use of the Steam Engine to scrae pur- 
poses which have been achieved by l a rrrrd'ng 
mechanics; — ^but independently of thii aserit, aft 
well as his being the best historian of the progress 
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of the improvements made on the Engine^ he is 
celebrated as having first drawn the notice of his 
friend Young * to the improvement of steam ap- 
paratus. 

" My attention," says Mr. Watt, f " was first di- 
rected in 1759 to the subject of Steam Engines by 
Dr. Kobison, then a student in the university of Glas- 
gow, and nearly of my ovm age. Robison at that 

i 

* Mr. James Wfttt was born at Greenock in 17^6. His fatliec 
was one of the baillies (or magistrates) of the town ; and in his 
narrow sphere was esteemed as a man of great benevolence. 
His grandfather and uncle were both respectable mathemati-* 
cians : his uncle was author of a Survey of the River Clyde* 
Frpmhis infancy Mr. Watt*s constitution was of the most delicate 
kind, and to this may be attributed those retiring and studious 
habits, which were so remarkable in Mr. Watt during the whole 
period of his long and distinguished life. After going through 
the usual course of education at the public Grammar School, 
at the age of sixteen he was apprenticed to a mathematical 
instrument maker, with whom he remained four years. At the 
expiration of this time he went to London, and placed himself 
under a regular mathematical instrument maker. Here he ac- 
quired habits of despatch and order in business ; but by sitting in 
winter near the door of the workshop, he caught a severe cold, 
the effect of which he felt at times until he had attained the age 
of sixty years, when the severe and distressing head-aches it 
occasioned ceased to af&ict him. At the end of a year, finding 
his health declining, he returned to Scotland, and settling at 
Glasgow, he began business on his own account. In the same 
year (1757,) he was appointed mathematical instrument maker 
to the university; and apartments were also given to him in 
the college, in which he lived and transacted his business. — 
Memoir by Playfair, in Month. Mag. for 1819. 

* Narrative of his invention in Robison's Mech. Phil. vol. IL 
art. Steam Evgine, 
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%iine threw out the idea of applying the power of the 
Steam Engine to the moving of wheel carriages, and 
^ other purposes ; but the scheme was not matured, 
and was soon abandoned on his going abroad. 

^In 1761 or 1762, I made some experiments 
on the force of steam in a Papin's digester, and 
formed a species of Steam Engine, by fixing upon 
it a syringe one third of an inch in diameter, 
with a solid piston, and furnished also with a cock 
to admit the steam jfrom the digester, or shut it off 
at pleasure, as well as to open a communication 
from the inside of the syringe to the open air, by 
which the steam contained in the syringe might es- 
cape^ When the communication between the sy- 
ringe and digester was opened, the steam entered the 
syringe, and by its action upon the piston raised a 
considerable weight, (15lb.) with which it was loaded. 
When this was raised as high as was thought proper, 
the communication with the digester was shut, and 
that wUh the atmosphere opened ; the steam then 
made its escape, and the weight descended. The 
operations were repeated, and, though in this experi- 
ment the cock was turned by hand, it was easy to 
see how it qould be done by the machine itself, and 
to make it work with perfect regularity. But I soon 
relinquished the idea of constructing an engine upon 
this principle, from being sensible it would be liable 
to some of the objections against Savery's Engine; 
for the danger of bursting the boiler and the diiSGi- 
culty of making the joints tight ; and also that a 

great part of the power of the. steam would be lost, 

H 
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because no yacuum was. formed to assist llie descent 
of the piston." * , 

The attention necessary to his business of a ma^ 
thematical instrament ttiaker,f prevented Mr. Watt 
fifom prosecuting the subject any further at this 
time. But in the winter of 1763 and 4, having ocr 
pasion to repair a model of Newcomen's Engine, "ke- 
longing to the Natural Philosophy Class of the Uni* 
versity, his. mind was again directed to the tub* 
ject " At that period," he informs us, " his knpwr 
ledge was derived principally from DesagulierSt and 
partly from Belidor. He set about repairing the 
model, as a mere mechanician ; and when that was 
done and set to work, he was surprised to find that 
its boiler was not supplied with steam, though appa* 
rently quite large enough (the cylinder of the model 
being two inches in diameter, and six inches stroke^ 

* This contrivance differs nothing from our Figure of Leu- 
pold's High-pressure Engine ; and adds another instance, to 
the many already in existence, of similar inventions being 
made by difiPerent individuals, unknown to each other. 

t This employment was vwy difiPerent from that which mm 
goes under the same name in London, and in the larger provin- 
cial capitals. It included not only the making and repairing 
the instruments used in the experiments in mechanics and na- 
tural philosophy, and those used in land-surveying ; but 
also the manufacture, in a rough way, of aU kinds of i^usical 
instruments; drawing lines on dials; cleaning and r^airing 
wooden clocks ; making and repairing fishing-tackle ; aud act- 
ing as a general sort of rough cutler. As an instrument-maker, 
Mr. Watt was called on for his assistance in all these ; but the 
greater part of his time was tdcen up in making and repahrmg 
drawing-pens, compasses, and plotting scales, and making b% 
lances and weights. 



TH£ OTEAM ENGINE. 99 

^Kd^.the hfAtet about nine inches in diameter): by 
blowing the fire it was made to take a few strokes, 
hat required an enormous quantity of injection-water, 
though it was very lightly loaded by the column of 
water in the pump. It soon occurred to him that 
this was caused by the little cylinder exposing a 
greater surface to condense the steam than the cy- 
lind^irB of larger engines did, in proportion to their 
nespeotive contents ; and it was found that by short- 
ening the column of water, the boiler could supply 
the cylinder with steam, and that the engine would 
work regularly with a moderate quantity of injection. 
It mefW appeared that the cylinder being of brass, 
would conduct heat much better than the cast- 
iron cylinders of larger engines (which were gene- 
rally Uned with a stony crusty, and that consider- 
able advantage could be gained by making the cy- 
linders of some substance that would receive and 
give out heat the slowest. A small cylinder, of 
six ]fidie£^ diameter and twelve inches stroke, wiib 
constructed of wood * previously soaked in linseed oil, 
and baked to dryness. SoiMfe experiments were made 
with it ; but it was found that cylinders of wood 
were not at all likely to prove durable; and that 
the steam which was condensed in filling it, still ex- 

* ** Mr. Watt's first attenipt at the improvement of* the Steam 
Ed^U^, was to employ a wooden cylinder, which would trans- 
mit the heat m6re slowly : this had some effect, hut did not 
answer iti other inspects ; he was ohliged to abandon it, as well 
as Mr. firindley, ^ho had before tried the same thing." — Farey 
in Kees* Cyclop. Mr. Brindley's trial was made on a very dif- 
ferekit pktt ; he cased his boiler^ or rather built it with wood, — 
Aot his cylinder. 

H 2 
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ceeded the proportion of that which was required for 
engines of larger dimensions. It was also ascertained 
that unless the temperature of the cylinder itself were 
reduced as low as that of the vacuum, it would pro- 
duce vapour of a temperature sufficient to resist part 
of the pressure of the atmosphere. All attempts 
therefore to produce a better exhaustidn» by throwing 
in a greater quantity of injection water, was a waste 
of steam, for the larger quantities of injection cooled 
the cylinder so much, as to require quantities of steam 
to heat it again, out of proportion to the power gained 
by having made a more perfect vacuum ; and on this 
account the old engineers acted wisely in loading the 
engine with odly six or seven pounds weight oil each 
square inch of the piston.*" 

By subsequent experiments Mr. Watt f also as- 
certained that steam was about 1800 times rarer 
than water. In another experiment, being asto- 
nished at the qtbantity of water required for the 
ifffection, and the great heat that it had acquired 

* '' Mr. Watt examined tfa||hot water which issued from the 
eduction-pipe of several of Newcomen's Engines, and found it to 
vary from 142^ to 174°, according to the load and other circum- 
stances of the engine. He thought this might he taken as a fair 
indication of the internal heat of their cylinders." 

t Dr. Ure, in his excellent Dictionary of Chemistry, gives the 
following interesting account of Mr. Watt's original experimenta 
on the latent heat of Steam. '* In some conversations with which 
this great ornament and benefactor of his county honoured me a 
short period before his death, he described with delightful ndivefi 
the simple but decisive experiments by which he discovered the 
latent heat of Steam. His means and leisure not then permitting 
an expensive and complex appariitus, he used apothecaries' phials: 
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fiom the small quantity of water in the form of 
ateam^ which had been used in filling the cylinder; 
and not understandhig the reason of it» *' I men* 
tioned it,^" he says, *^ to my friend Dr. Black, who 
them explained to me his doctrine of laierU heat^ 
which he had taught for some time before this period 
(summer 1764); but having myself been occupied 
with porsuits of business, if I had heard of it, I had 
not attended to it, when I thus stumbled upon one 
fif the material facts upon which that beautiful 
theory is founded.'' * 

On reflecting further, it appeared to him that 
in order to obtain the greatest power from the 
steam, the cylinder should always be kept as hot as 
the steam which entered it; that when the steam 
was condensed, the water of condensation and the 
water of injection should be cooled to 100 d^rees 
Fahrenheit, or lower if possible. 

The me«ns for accomplishing these two grand ob- 
jects did not present themselves to Mr. Watt at the 
moment when he had drawn those sagacious infe- 
rences; but it occurred to hiai early in the year 1765, 

with these he ascertained the two main facts, — first, that a cubic 
inch of water would form about a cubic foot of ordinary steam, or 
1728 inch^; and that the condensation of that quantity of steam 
would heat six cubic inches of water, from the atmospheric tem- 
perature to the boiling point. Hence he saw that six times the 
diflEerence of temperature, or fully 800 degrees of heat, had been 
employed in giving elasticity to steam ; and which must be all 
subtracted before a complete vacuum could be obtained under 
the piston of a Steam Engine.'' Art. Caloric* 

* Watt's account of his invention, Robison's Mech. Phil. 
foLII. p. 117. 
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^th4U^ acomiminication were opefiedietween acff- 
Under coniaming steam, and another vessel wkiok 
tMS exhausted of air and other fmds^, the steam^ -as 
an eaopansible fluids would immediately ru^ into 
the empty vessel, and coniintie to do so ^tU it had 
established an equilibrium: and if thai^vesselwere 
kept very cool by an inaction or otherwise, m&te 
steam would contimtie to enter, until the whole was 
eondemed^' 

Admirable Invention! ' • = 

Thus was accomplished what had been considi^red 
impossible by all previous engineers,-^/Ae production 
of a Vacuum without cooling the cylinder* ' 

* " Homhlower in hig history of ibe Steam Engine, $1^3 " AbQUt 
the time that Mr. Watt was engaged in bringing -forward the 
improvement of the Engine, it occurred to Mr. Gaiosboron^h^ 
the pastor of a dissenting congregation at Henley-upoh-THaine&» 
and brother to the painter of that name, that it would bd a 
fpreat improvement to condense the steam in a vessel dis- 
tinct from the cylinder, where the vacuum was fomied y 4K|d 
he undertook a set of experiments to apply tl)e pripqiple 
he had established ; which ^ did by placing a small vessel 
by the side of the cylinder, ' which was to receive just so 
much steam from the boiler, as would discharge the air and 
condensing water in the same manner as was the practice 
from the cylinder itself in the Newcomenian method ; that is, by 
the snifting valve and sinking pipe. In this manner he used n^ 
more steam than was just necessary for that particular purpose, 
which, at the instant of discharging, was entirely uncommuni- 
'cated with the main cylinder; so that the cylinder was kept 
constantly as hot as the steam could make it. Whethej: ] he 
clothed the cylinder as Mr. Watt does, is uncertain : but his 
model succeeded so well, as to induce some of the Cornish ad- 
Tenturers to send their engineers to examine it ; an4 their report 
was so favourable as to induce an intention of adopting it. This, 
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But if both of the vessels be exhausted, or nearly 
•0^ how wore the injection* water, and the air entering 
with it, and also that produced by the condensation of 
the steam, to be extracted from them? This, Mr. 
Watt proposed to do, by adapting to the condenser^ 
a pipe, whose length would exceed that of the length 
ci a column of water equivalent to the pressuie of 
the atmosphere, and to extract the air by means of a 
pump — or to employ a pump to extract both the 
water and the air. . . 

Inftead of keeping Ihe piston tight by water, which 

hovreirtr, was soon afler Mr. Watt had his Act of Parliament 
passed for the extension of his term ; and he had ahout the same 
time made proposals to the Cornish gentlemen to send his En- 
gine into that country. This necessarily brought on a competi- 
tion, in which Mr. Watt succeeded : but it was asserted by Mr. 
Grainsborough, that the mode of condensing out of the cylinder 
was communicated to Mr. Watt by the officious folly of an ae- 
quaintance, who was fully informed of what Mr. Gainsborough 
had in hand. This circumstance, as here related, receives some 
confirmation by a declaration of Mr. Gainsborough the painter 
to Mr. T. More, late secretary to the Society for the encourage- 
ment of the Arts, who gave the 'writer of this article the infor- 
mation ; and it is well known that Mr. Gainsborough opposed 
the petitiofi to the House of Commons, through the interest of 
General Conway." Hornblower in Gregory's Mech. p. 362. 
vol. ii. 1st editim. On this extraordinary and disingenuous 
statement Dr. Brewster gives the following comment: — '' We 
believe and hope, for the sake of the memory of a very 
respectable man, that the conversation is not accurately repre- 
sented. It remains upon record, that Mr. T. More was ex- 
amined as a witness on the trial of the cause Bolton versui 
Bull, in 1791^, at which time Mr. Hornblower himself was also 
examined as a witness, but on the opposite side from Mr. More. 
Mr. More on this occasion was asked, *' whether he had read the 
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coiild not be applicable in tbis new met2iod» a^, if any 
of it entered into a partially exbausted an4(now) hot 
cylinder 9 it would boil, and by generating vigour, 
prevent the production of a yacunm, betide$ cooling 
the cylinder, by its evaporation during the descent of 
the piston, — he proposed to lubricate the sides dnd 
keep the piston air-tight^ by employing noax or 
taUow. 

It next occurred to Mr. Watt, that, the mouth of 
the cylinder being open, the air which enteked to act 
on the piston would cool the cylinder, and condense 
some steam on again filling it. Then he proposed, 
*' to put an air-tight cover on the cylinder^ 
jtoith a hole and sttiffing-box for the piston to slide 

specification of Mr. Watt's invention, and whether in his opi- 
nion it contained a disclosure of the principles of the Steam 
Engine?" To this question he answered, '* I am fully of opinion 
that it contains the principles, entirely, clearly and demcmstra- 
tively." He was then asked, ^^ Did you ever meet with the ap- 
plication of these principles before you knew of Mr. Watt's 
Engine ?" His answer was, '' I do declare 1 never saw the prin- 
ciples laid down in Mr. Watt'a specification, either applied to 
the Steam Engine previous to his taking it up, or ever read of 
any such thing whatever.*' It is not easy to reconcile these two 
answers given by that gentleman upon oath, with the words 
that Mr. Hornblower has put into his moud^. p. 328. Mr. 
Gainsborough's idea, whatever it was, was posterior by niore 
than twenty years." Edinburgh Review, 1809. 

Dr. Robkon, in describing this improvement of the condenser, 
speaks of it as if applied to Newcomen*s Engine. This, however, 
does not appear ever to have been contemplated by Mr. Watt: 
in a note he says, *^ From the^ first I proposed to act upon the 
piston with steam instead of the atmosphere, and my model was 
so constructed." f 



THK ST£AM ENG1N£« lOf 

tkrmtgk, and to admit Heam above the piUon, to act 
upon U initead of thd aimotpherey 

Una was his second grand improvanent; and while 
die power of the mechanism remained xmtouched, 
the expense of fuel or waste of steam was reduced to 
neariy a third of its former amount ; and the machine 
WIS now, properly, an engine, acting by the force of 
steam — the motive power being derived hidierto 
from the gravity of the atmosphere. 

The other source of the loss of heat, by the air of 
the i^tmosphere cooling the cylinder externally, whidi 
produced a condensation of the internal steam, was 
obviated in thought by enclosing the steam cylin- 
der in another qfxcood, or of some otiier substance, 
which would conduct heat slowly. 

When once the idea of separate condensation was 
started, aU these improvements, continues this ad- 
mirable mechanic, were suggested in quick succes- 
don ; so that, in the course of one or two days, the 
invention was so Jar complete in his mind, and he 
immediately b^an to submit them to the test of 
experiment. 

The model he used consisted of a brass syringe If 
inch in diameter, and ten inches long ; having a cover 
at top and bottom of tin plate, a pipe to convey steam 
to both ends of the cylinder from the bottom, and 
a second pipe to convey the steam from the upper end 
of the cylinder to the vessel in which the steam was 
to be condensed. To save apparatus the cylinder 
Was inverted. A hole was drilled longitudinally 
through the axis of the stem of the piston, and 
a valve was fixed at its lower end, 4;o permit the 
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vnAer prodnced by the steam which was condensed 
at first entering the cylinder to escape. • Tl^ 
ewidenser Yis& made of two pipes of tin plate ten 
OT twelve inches long, and about a sixth of an inch 
hi diameter, placed perpendicularly, and communi- 
cating at top with a short horizontal pipe of large 
diameter, shut at its upper end, with a valve 
opening upwards. These pipes were joined at bottom 
to another perpendicular pipe about an inch in dia* 
Meter, which served for the air and wat^-pump. 
These pipes and pump were all placed in a dst^m 
filled with cold waten* 

The steam-pipe was attached to a small boiler^ 
When steam was generated, it filled the cyUnderi 

• Mr. Watt's narrative. Robison, Mech. Phil. p. 119.^ 
This experiment has been differently related by somie au- 
thors : — " The thought struck him (Mr. Watt) to attempt the 
condensation in another place. His first experiment was made in 
the simplest manner, A globular vessel communicated by meaas 
of a long pipe, of one inch diameter^ with the bottom of his 
little cylinder of four inches diameter, and thirty inches long : 
the pipe had a stop-cock, and the globe was immersed in a 
vessel of cold water. When the piston was at the top, and die 
cylinder filled with strong steam, he turned the cock. It was 
scarcely turned, when the sides of his cylinder (only strong tin 
plate) were cru^ed together like an empty bladder : this sur- 
prisjed and delighted him." Robison. # 

" Mr. Watt had nearly concluded (after casing his cylinder 
With wood) that the Steam Engine was incapable of further im- 
provement, akid was in as perfect a state as possible, when the 
happy thought occurred to him of condensing the steam ia-^a 
separate vessel, instead' of within the cylinder of the engine* 
The expedient was immediately tried in a very simple manner, 
as follows: — A globular copper vessel was made to communi- 
cate, by means of a pipe containing a cock to shut it, with a hxA- 
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Und^ideft issued 'at the longitudinal perforatioB of the 
rdd; and through the valve into the condenser : when 
it wii9 Judged the air was expelled, the steam^ox^ 
was shuC and the air-pump piston-rod was drawn upj^ 
vrfiif%leaidng a vacuum in the condenser pipes, the 
siesm entered them and waii condensed : the piston 
tof the eylind^ immediately rose and lifted a weight 
df about eighteen pounds, which was hui^ to the 
lowear'^d of the piston-rod. The exhaustion-code 
wAk'^fiKut, the steam was readmitted into* the 
eylinflej', and' the operation was repeated; and ex- 
6^)^ting the non-application of the steam-case, and 
earfi^al i^overing to prevent the dissipation of the 
hciiitf by ra£ation, the invention was complete as far 
as regarded the savings of steam and fuel. To 
veirSy^ expectations that Mr. Watt had formed 

low tin !cy][mder^ thirty inches loug and foiu: inches diameter. 
Tb& f^ohe. was fiUed with steam by. .<;pnnection with a small 
bpUer, ^hile the tin cylinder was immersed in cold water ; and 
lipoh opening the cock to form the communication between the 
two vessels,' the sides of the^in cylmdeir were instantly crushad 
Mgedbei^, on acipount of itsnot being sufficiently strong to resist 
ilie'jpressur^ of the atinosphere,-^so perfect was the vacumn 
that was formed within U^ This experiment exceeded hU (Mr. 
Watt's) most sanguine wishes, and upon it he founded c^U the most 
important improvements which he was afterwards enabled to 
mate in this important machine/* Millington. 
t itsis almost a pity to crush die interesting <*Httle eylind^ 
fmd globular vessdi" a second time* ^ But Mr. Watt himr 
fel£ha9 thrown cold water on theni^ for he assures us, " that the 
globular vessel only existed in his mind^ and was neper executed: 
—the tin cylinder is a mistake; there never was any used ih 
this modely the cylinder being of hrass.^ Mech, Phil. Vol*. IL 
p. 109. 
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of the advantages of his invention, he constructed ft 
large model with an outer cylinder and wooden case, 
the effect of which exceeded his most sanguine ex- 
pectations. 

This form of the condenser was afterwards 
changed ; it being found that to condense the steam 
used in a large engine by the cold water being 
applied on the outside of the condenser, would 
require vessels of large and very inconvenient di- 
mension. And it was also found that, &om the na- 
ture of the water with which the engines are fre- 
quently supplied, a stony crust was quickly formed 
upon the outside of the iron plate of the condenser, 
which greatly diminished, or altogether destroyed 
its conducting power. 

About the period of his marriage with Miss Miller 
in 1764, Mr, Watt removed from his apartments in 
the College, and commenced practising as a land- 
surveyor, by the advice and with the occasional assist- 
ance of his uncle. He soon got into a respectable 
practice, and was frequently consulted on the forma- 
tion and improvements of canals and harbours, some 
of which have since been executed ; but whether it 
was from his time being completely occupied with the 
duties of his new profession, " or the indifferent state 
of his health, or his want of funds, or his appre- 
hension of the prejudices and opposition that he 
might have to encounter,"* which prevented him 
&om securing his invention by a patent, we know not 
— yet, although fully sensible of the value of his dis- 
covery, he proceeded no further in it at tliis time. 

• Edinburgli Review, ISOit. 



THE STEAM ENGINE. 109 

Witli s^licity of invention and powers of mind which 
rarely fUl to the lot of man, so retiring and reserved 
wei^ his hahits and manners, that his diffidence pre- 
vented a disclosure of his great discovery even to his 
friends : indeed at no period of his life was he pos- 
sessed of that self-confidence which was necessary to 
hring him or his inventions before those whose pa- 
tronage and assistance might be required to enable 
him to carry his designs into execution. 

In 1765, Smeaton^ had constmcted a portable 
Atmoqifaeric Engine, and employed it in draining. 
Two years after this period some attempts were made 
1^ Mr. John Stewart,f and Mr. Dugald Clarke, 
t0 produce a continued rotative motion from New- 
comen's Engine, to be applied to some sugar-mills 
in Jamaica ; but from their being complex and liable 
to breakages, they were abandoned. ** About 1768 
an Atmospheric Engine had been employed at Hart- 
ley Colliery, to draw coals from a pit, which had a 
toothed sector on the end of the working-beam, work- 
ing into a trundle, which, by means of two pinions with 
rstehet-wheels, produced a rotative motion in the 
same direction, by both the ascending and descending 
stroke of the arch ; and by shifting the ratchets, the 
motion could be reversed at pleasure. The engine had 
no fly-wheel, and went sluggishly and irregularly." % 

In the course of his employment of a land-surveyor, 
Mr. Watt had formed an intimacy with Dr. Roebuck, 
an English gentleman (the founder of the Carron 
iron-works^) of great enterprize, and some fortune, 
who had embarked in extensive speculations in 

* Smeaton*s Reports, vol. I. t Patent dated 1769. 

X Edinburgh Review, 1809. 
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Goal-miaing and making salt, at Borrowstoness in the 
county of Linlithgow. By the Doctor's a^istance 
Mr. Watt was enabled to erect one of his En- 
gines at a coal-mine on the estate of ^he Duke of 
Hamilton, at Kinneil, about a mile fromBorrow- 
stoness. This had a cylinder of eighteen inchea ; " and 
being a sort of experimental Engine, was successively 
altered and improved till it was brought to conisader- 
able perfection. " * During its erection, in the winter 
of 1768, he applied for a patent to secure the pro- 
fits of his ingenuity, which was enrolled in April 
1769. On a subject so Important, it cannot, be 
superfluous to insert the words of the iijiventQia 
whose admirable application of the sciences to 



• Mr. Farey, art. Steam fiyigtiie, Bee^'Oyclopa^m .. . ,.. 

" Dr. Robison, (says Mr. Watt in a letter to Hia firiend.Dr* 
Brewster,) in the article Steam Engine, after passing an encomium 
upon me, dictated by the partiality of friendship, qualifies me as 
' the pupil and intimate friend of Dr. Bkck *' a de^rfpti6h whldf 
not being then accompanied with any infereniDe, did ndt pntieti-^ 
larly strike me at the time of its fir^t perusal. He afterwiff4i^iii 
the dedication to me of Black's Lectures on Chemistryj^ gootfv^ 
length of supposing me to have professed to owe my improT^ 
ments upon the Steam Engine to the instruction and informa- 
tion I had received from that gentleman, ^hich Certainly wi^B^ a 
misapprebension : as, th<>Qgh I have always felt and aekno^^ 
ledged my obligations to;bim for the information I had readived 
from his conversation, and particularly for the knowledge of 
latent heat, I never did nor could consider my improvement* 
ds originating in those communications. He is also mistaken in 
his assertion in the preface to the &l>ove work, that I had at-' 
tended two courses of the Doctor's lectures ; fbr, utiforimaiAy 
for me, the necessary avocations of my buMoeas preveniedv ttitr 
from attending his, or any other lectures at college. In fur- 



lical irnuBPf mas; uutr nuitciv iini u » '^<t;i 
of Cteabaj^ imi. Jh . fiwikr * 

in the foIioTniu: pniuaii»i^ - — ^Kiwc. tl«*t ilio v^^wi*! 
in which iht jicwcsi^ ic jcotm ;irv U> K' inii|il4>Tr<l 
to wadk the gTigniif- n-^xh i$ caUv<l tlio rylinikr in 
Cjcnminnn &e-exip2ick 4iid which I rail flio «fMm 

4fir noticing TIr. Bla:^*» opinion timt • hi* fftrti m.*»'» ^h^^^-.- '••'ot^ 
of f^Htt hi^ppens in ibe formation niiil vonf}pr^A-^"n'^ >'* ^'-^r*'*^ 
TBpoor, has cxmtTibiitied in no inninniilrrfihU 'Ir^i"^ -o '•^'^ »•:*■ 
lie gBod, by suggcftimg to my fririid Mr. Wvr 'vf J^.*- --"'fl.-in^ 
tbenaf Glasgow, bis improvement !« on th^ >M'«ni ^''m'/Jx'- • 
Toy pBiniiil for me to controvrrrt ftny a-^MOi-'i/,!! rtr .•|"■•^•l / ... 
l e T K i e d fiiend ; j^t in the; prrsrnt ''»«k« f finrf • ,^,-,-.i.o.-. 
tbgthe appears to me to hav^ fall#»n .rtr/> m .^v^n^ 
proceeded upon tf^ o^H ^^tnh^r**^^'' ''»'*^ 
condensed by the contact r/ ^.y\t\ yr^'*^.- ,^^ . ^ 
one, that water boiled hfurA y^i'm 
that a vacuum could nor Iv^ r,^M..^<..« 
its contents were cooled ft-7'— ; f*';'/»ir- 

Dr, Thomson in his tnAnir.if -»* V i!i-w»»- 
Robison. Dr. Bladc't di<u*'V-*^; v' 4^^-' 
whole doctrine of bisac » 4t >r.*a^v» v« ^ 
which has been attesi^issl r k. r.rv 
odier discovery rr.aK2« Uirr-j i. 
oceanoned ihe impTf^^vn^sff . ■ ^^ ^^-.^ 
sn uute m eiit whieh. sbb y ^ gv ^ *^ '- ■^•'/ 
nnfaflmea," la imwnpr y» t> y t v*»>> 
is said to harve * ^a ts. M^ v ^ ^w.^^ ^ 
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vessel, must, during the whole time the en^e is it 
work, he kept as hot as the steam which enters it ; 
first, by endosing it. in a case of wood, or any other ^ 
materials that transmit heat slowly; secondly, by 
surrounding it with steam or other heated bodies ; 
and thirdly, by suffering neither water, or other siab- 
stance colder than the steam, to enter or touch it dar- 
ing that time. Secondly, in engines that are to be 
worked wholly or partially by condensation of steam, 
the steam is to be condensed in vessels distinct fitmi 
the steam vessel or cylinders, though occasionidly 
communicating with them. These vessels I call Cfm^ 
densers, and whilst the engines are working, these 
condensers ought at least to be kept as cold as the 
air in the neighbourhood of the engines, by appUca* 
tion of water or other cold bodies. Thirdly, what^ 
ever air or other elastic vapour is not condensed by 
the cold of the condenser, and may impede the work- 
ing of the engine, is to be drawn out of the steam 
vessels or condensers by means of pumps, wrought by 
the engines themselves, or otherwise. Fourthly, I 
intend in many cases to employ the expansive Jbtee 
of steam to press on the pistons^ or whatever may be 
used instead of them, in the same manner as the 
pressure of the atmosphere is now employed in com- 
mon fire-engines. In cases where cold water cannot 
be had in plenty, the engines may be wrought by 
this force of steam only by discharging the steam 
into the open ah\ after it has done its office. Fifthly, 
where motions round an axis * are required, I make 

* ** A Steam Wheel moved by the force of steam acting in a 
circular channel against a valve on one side, and against a column 
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the steam vessels inform of hollow rings, or circu- 
lar channels, with proper inlets and outlets for the 
steam, mounted on horizontal axles like the wheels 
of a water-mill. Within them are placed a number 
of valves, that suffer any body to go round the 
channel in one direction only : in these steam vessels 
aj^ placed weights, so fitted to them as entirely to 
fill up a part or portion of their channels, yet ren- 
dered capable of moving freely in them by the means 
bereinafter mentioned or specified. When the steam 
is admitted in these engines between these weights 
aud the valves, it acts equally on both, so as to raise 
the weight to one side of the wheel, and by the re- 
action on the valves successively to give a circular mo- 
tion to the wheel ; the valves opening in the direction 
in which the weights are pressed, but not in the con- 
trary. As the steam vessel moves round, it is sup- 
plied with steam from the boiler, and that which has 
performed its office may either be discharged, by 
means of condensers, or into the open air. Sixthly, 
I intend in some cases to apply a degree of cold not 
capable of reducing the steam to water, but of con- 
tracting it considerably, so that the engines shall be 
wwked by the alternate expansion and contraction 
of the steam. Lastly, instead of using water to render 
the piston or other parts of the engines air or steam- 
tight, I employ oils, wax, resiTunts bodies, fat of 
animals, quicksilver, and other metals in their Jlui</ 
state,'* 

of mercury or other fluid melal on the other side, was executed 
at Soho upon a scale of six feet and tried repeatedly, but was 
given up, as several objection! were found against it." Mr. Watt 
in Robison, vol. II. p. 133. ' Specification of Patent, 1796. 
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These improvements were combined in a very 
masterly manner, in what were called his single re- 
ciprocating Engines. The lever-beam, boiler, pump- 
rod, and the use of a plug-frame to act by its 
pins or tappets on the hand-gear, or contrivances fot 
opening and shutting the valves, with some improve- 
ments in their arrangement, were retained ; the valves 
were, however, on a different and a better construc- 
tion. 

In the Twenty-sixth Figure the pipe d, conducts 
steam from a boiler (which is omitted in order to have 
the principal parts of the apparatus on a larger scale); 
e, is the nozle, or square box, containing a valve, 
which in its rise or fall opens or shuts the passage 
between one side of the piston and the boiler, and 
also between the pipe o, /, and the cylinder a. y Y 
is the interstice between the casing and its cylindn*: 
the casing was called the Jacket. This interval was 
sometimes filled with charcoal, or some other slow con- 
ducting substance ; or steam from the boiler might be 
admitted into it : by any of these means the radiation 
of heat from the steam cylinder, and its couductioL 
by the air, was very perfectly prevented, b, is the 
steam piston attached to the lever- beam by the rod x. 
The pins or tappets n, n, tfxed on the plug-frame 
(or tappet rod,) which in our Figure also serves for the 
rod of the pump, attached to the condensing appara- 
ttis : at the ascent or descent of these pins, they strike 
on the ends of the levers or spanners m, m, m, oon- 
nected with the valves, e, f, c, and open or shut them, 
as they may be adjusted. The condenser h, is con- 
nected with the steam cylinder by the pipes v,, and 
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g. The air-pump barrel is attached to this vessel by 
the pipe s, which is furtiiished ivith a yalve opening 
fixxm the condenser: the.ps&n is similar to those 
usually employed in water-pumps, with the exception 
of the joints of the valves being made of metal instead 
of leather ; the condensing pump, t, has a short pipe 
proceeding from near its top, on the end of which is 
a valve. A:, opening outwards, and into a vessel of 
water^ r: the condenser and its pump are placed 
in a dstem of water, kept as cold as possible, by al- 
lowing the heated water to escape, and renewing the 
supply from the mine or some reservoir by a pump, g, 
which is worked by a rod attached to the lever-beam. 
The short pipe Ar, opens into a cistern generally sepa- 
rated from that in which the condenser is placed, in 
the manner shewn in tlie Figure. From this cistern 
vrater is pumped into the boiler through the pipe p, 
by the pump a, to supply its waste from evaporation. 
B, is a foundation of masonry or wood, on which the 
cylinder is fixed; o, a post or beam to receive the 
spanner fidcrum— in some engines it is supplied by 
brackets fixed to the cylinder; w, is a sti^vg-hox, 
first used by Mr. Watt, to keep the aperture in 
which the piston-rod slides steam-tight ; the rod of 
the mine pump is suspended at the opposite end of 
tie lever to the steam piston-rod, as in the Figures 
of tiie Atmospheric Engine ; (the limits of our page 
not permitting a greater extension, it is not shewn in 
the engraving). This end of the lever, or the rods 
attached to it, are made so much heavier than those 
on the other side of the axis, as to be sufiicient to 
act as a counterpoise to raise the steam-ipiston from 
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the bottom to the top of the cylinder. The steam- 
cylinder is closed at top, and the rod slides through 
the stuffing-box; so that all communication with the 
atmosphere, and any part either of the cylinder or the 
condenser, is completely prevented, 

If we now suppose the apparatus to be in the posi- 
tion shewn in the Figure, and a proper supply of 
steam in the boiler, the valves c, e, f, are to be opened, 
and N is shut. Steam then enters above and below 
the piston into the pipe o, and the condenser h; when 
the cylinder becomes sufficiently heated, the steam 
will descend into the condenser, and from its less gra- 
vity occupying the upper portion, will expel all the air 
through the blowing valve,y, which may have collected 
in those vessels, or which may have been produced by 
the condensation of the steam in heating the apparatus. 
The cock e, is now to be shut, and the injection-cock 
opened ; the jet of cold water will condense the steam 
in the condenser, and the steam under tbe piston in 
the cylinder, a, rushing through the pipe u, g, to 
restore the equilibrium, will also be condensed by 

I the jet which is kept playing ; and a vacuum is formed 
in the cylinder and condenser. This condensation in 
tiie largest engines is prodigiously rapid ; in practice 

1 it may be considered quite instantaneous. The com- 
munication between the boiler and the upper side of 

[ the piston remaining open, the elasticity of the vapour 
having no now resistance from that on the other side, 
presses the piston downwards into the vacuous space 
until it reaches the bottom of the cylinder. At this 
instant the descent of the tappets in the plug-frame 
strikes the end of the spanners m, w, connected with 
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the valves c, j\ which depresses them, and prevents 
the further flow of steam from the boiler, and also 
shuts off the communication between the condenser 
and the cylinder. 

The piston of the condensing-pump, being attached 
to the same side of the axis witli the cylinder, is also 
at the bottom of the barrel, and all the water and 
air which it contained having lifted up the valves 
which only rise upwards, is now above its piston, — 
the valve Sy opening from the condenser, preventing 
its return into that vessel. 

It now becomes necessary to raise the steam piston 
to the top of the cylinder. 

The mine-pump end of the lever-beam, and its 
rods, have been stated to be made heavier than those 
of the steam piston and condensing pump, in order 
to act as a counterpoise to raise the steam piston. 

But before this counterpoise can be brought to act, 
all the steam and air which has just depressed the 
piston, and still remains above it^ must be got rid 
of Mr. Watt accomplished this desideratum by 
a contrivance so simple, and yet so refined, as 
almost to equal in ingenuity the application of the 
condenser itself He connected the top apd bot- 
tom of the cylinder by a pipe, in which he placed a 
valve, c : when, therefore, the valves Cy and /, were 
dosed, this valve was opened ; the steam which was 
above the piston was now admitted under it, and the 
counterpoise raised the piston in a non-resisting me- 
dium. 

The opening of this valve, c, is but a momentary 
operation, and the rise of the piston is not perceptibly 



118 A DESCKIPTIVE HISTOKY OF 

of longer duration than its descent When the 
counterpoise has raised it to the assigned height^ a 
tappet acts on the end of the spanner connected turith 
the valve e^ and closes it^ while at the same moment 
other tappets act on their levers to open again cocks c 
and/, which are attached to them. 

The steam which had flowed through o and e^ from 
the top of the cylinder to the space under the piston, 
now rushes through u andg*, (as at the first descent of 
the piston,) and a vacuum is instantaneously fiirmed 
in the cylinder, which allows the expansive force of 
the steam to press the piston downwards, until it has 
reached a second time the limit of its stroke* The tap- 
pets and spanners now close c and/, and open e, when 
the counterpoise agsdn operates to draw up the piston. 
— The counterpoise has been stated as being made 
equal to raising the steam piston, but in fact it must 
also, in this arrangement of the parts, elevate the 
water and the condenser pump. 

The operation of the condenser pump is very 
simple. The water which spouts into the condenser 
through the injection-cock N, increased by the very 
small quantity arising from condensation, falls to the 
bottom of the condenser h. The upward motion of 
the pump-rod forming a vacuum in i, opens the valve 
^, which allows the water to flow through it from h: 
the water lying on the top of the piston being ex- 
pelled through Ar, into the cistern. The descent of 
the piston pressing on the water at the bottom of 
the barrel, which is prevented from returning by its 
opening inwards, the water and air raise the valves, 
which falling at the moment of the ascent of the 
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piston, nix vliatevB wsiter and air m above them 
until lliey are eippBwl at k. The hot water finna 
this pHBp is gemBHj again iatniibieed into the 
boiler. 

In Mr. Wattes first trials with the condoiaa, he 
pioeBied m Tanmm by cooling the oondenaer ex- 
ternaUy, as in the fiist' Atmosphenc Engines : but 
the same objeetioo applied to his experiments as to 
Newooown's— the eoadensation was ¥ery imperfieet. 
He neit imtrmhi€ed a Jet into the pipe connecting 
the eybmder and the amdenser; and in the progress 
of his iBBpravenients it was introduced in the manner 
' shewn in oar Fignre. The injection-cock is furnished 
with n lever, tat the purpose of enlarging or diminish- 
ing the apextme by which the jet is funned, when a 
greater or less quantity of injection water is required 
for the pur pose of condensation, and which will obr 
viously vary, cither from the temperature of the water 
which is admitted, <» the elasticity of the vapour 
whidi may be condensed. This lever and its handle 
are shewn between e and /; and n is the projectiou 
<Nr box omtaining the cock. 

It had been customary among engineers before 
Mr. Wattfs time, to form the lever-beam by bolting 
a great many solid beams together, to obtain tlie 
necessary stifihess. Some of Smeaton^s were con- 
structed with considerable science, but on account 
of their great expense, many of them costing HOO or 
900/. and their enormous weight and consequently 
cumlmms proportion, were superseded by others, in 
which stiffness was obtained by a mode of trussing 
with iron rods instead of using a mass of materials. 
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Tins improvement will be more apparent by com- 
paring the engraving of Smeatou's lever-beam, 
which he constructed for the engine he erected for 
the Chacewater Mine, with that on the Figure be- 
fore us.* 

In the course of Mr. Watt's experiments, even 
before he procured his patent, he had been struck 
with the remarkable fact of what is now called the 
expansion of steam when admitted into a vacuum : 
and in a letter of his to Dr. Small of Birmingham, 
dated at Glasgow in May 1769, he proposed to 
avail himself of this property to encrcasc the effect of 
his engine, and to save steam. " I mentioned to you 
a method of still doubling the effect of the steam, and 
that tolerably easy, by using the power of the steam 
rushing into a vacuum, at present lost. This would 
do little more than double the effect, but it would 
too much enlarge the vessels to use it all. It is 
peculiarly applicable to wheel-engines, and may sup- 
ply the want of a condenser where force of steam 
only is used ; for, open one of the steam-valves and 
admit steam until one fourth of the distance between 
it and the next valve is filled with steam, shut the 
valve, and the steam will continue to expand and 
press round the wheel, with a diminishing power, 
ending in one fourth of its first exertion. The sum 
of the series you will find greater than one half, 
though only one fourth of steam was used." TJie 
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sentence which follows this is also remarkable : "The 
power will indeed bo unequal, bnt this can be reme- 
died by a fly, or several other ways." * 

After erecting the engine at Kinneil, Mr. Watt I 
had b^nn to make arrangements to manufacture his 
Engines on a considerable scale, when, the failure 
of some of the great mining speculations in which 
his partner, Dr. Roebuck, had embarked, producing 
pecuniary embarrassment, and the Doctor being dis- 
abled from rendering further assistance, by mak- 
ing the stipulated disbursements, Mr. Watt was 
on the eve of abandoning the further prosecutioii I 
of his project. With his consent a negotiation 1 
wae opened with Mr. Matthew Bolton of Bii« I 
mingham, a gentleman who some years before had J 
founded an establishment at that place, and had al-^ 
ready become known as one of the most intelligent ] 
and enterprising manufacturers in the kingdom. The I 
negotiation was concluded in 1773, when Dr. Roe- J 
buck resigned his share of the patent to Mr. Bolton, 
upon terms deservedly most advantageous to himself. 

A- brighter prospect now opened on Mr. Watt; 
his new colleague was a man of affluence and of 
great personal influence, "and to ,a most generous 
and ardent mind, he added an uncommon spirit for 
imdertaking what was great and difficult. Mr. Watt 
was studious and reserved, keeping aloof from the 
world; while Mr. Bolton was a man of address, de- 
lighting in society, active, and mixing with people 
of all ranks with great freedom, and witliout cere- 
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many. Had Mr. Watt searched all Europe, lie 
ooqld not have found another person so fitted to faring 
his invention before the public in a manner worth; 
of its merit and importance; and although of most 
opposite habits, it fortunately so happened, that no 
two men ever more cordially agreed in their inter* 
course with each other.'' * 

At this time Mr. Watt removed to Birmingham, 
and his first operations ware directed to the construc- 
tion of an Engine, which was erected at Soho, for the 
inspection of those engaged in mining. But, finding 
that the period of the patent must expire, befctfe he 
could possibly be reimbursed for the mere expenses 
which must be incurred, before he could hope to com- 
plete the necessary arrangements and machinery fi>r 
the manu&cture of engines of such magnitude and 
demanding so much accuracy in their construction ; 
about the end of 1774, by the aid and advice of 
Mr. Bolton, and the zealous co-operation of Dr. 
Roebuck and some philosophical firiends, who gene- 
rously gave him the influence of their fiivouraUe 
opinion of the merit of his invention ; he was en- 
ccmraged to apply to Grovemment to extend the term 
of his patent. Early in 1775, he succeeded in ob* 
taining an Act of Parliament, granting him an ex- 
clusive privilege to manu&cture his improved En- 
gines for the term of twenty-five years from the date 
of his application. 

Mr. Bolton f now became his partner in the ma* 

♦ Memoir by Playfair. Monthly Mag. 1819. 
f When the " princely Bolton" had closed his long and active 
life, with a generous and grateful recollection of his virtues, Mr. 
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nufiMsture of his Engines, and a part of the estt- 
blidEment at Sobo being appropriated to this pur- 
pose ; ^' with his assistance in systematizing the manu- 
£ietnre of the parts, Mr. Watt soon produced some 
capital Engines : which were erected in Staffordshire, 
^ropshire, Warwickshire, and a small one at Strat- 
ford near London." * 

We have hitherio seen Mr. Watt as a man of 
genius, employed in improTing a mechanism of infi- 
nite importance to his country and to mankind. 
When he had set the finishing hand to the invention, 
and it only remained for him to form those arrange- 
ments to secure to himself the reward of his labours : 
—his conduct as a man of business was as liberal 
and honourable with those who chose to avail them- 
selves of his invention, as the mode he adopted to 
prevent disputes was satis&ctory and ingenious. 

The principle which was adopted by Mr. Watt in 
granting licences to use his Engines, was to receive a 
third part of the saving of coals which was made by 
his Engines, when compared with an Atmospheric 

Watt thus speaks of his obligations to his lamented friend. ^* At 
liie procnring of this Act of Parliament I commenced a partner- 
ship with Mr. Bolton, which terminated with the exclusive pri- 
vilege in ISOOy when 1 retired fxom business; but our friendship 
continued undiminished to the close of his life. As a memorial due 
to that friendship, I avail myself of this, probably a last pub- 
lic opportunity of stating, that td his friendly encouragement, to 
his partiality for scientific improvements, and his ready applica- 
tion of them to the processes of art, to his intimate knowledge 
of business and manufactures, and to his extended views 
and liberal spirit of enterprise, must in a great measure be 
ascribed whatever success may have attended my exertions." 
* Mr. Farey in Rees Cyclo. art. Steam Engine, 
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Engine doing the same work with coals of the same 
quality. A set of experiments were made to ascer- 
tain this point by persons of acknowledged integrity 
and skill : from knowing the depth of the mine, the 
size of the pumps, and number of strokes, which any 
engine made, either on the common or improved con- 
struction, they had only to estimate the saving c^ 
fiiel in a certain number of strokes, and, according to 
the price at the stated intervals, they fixed their pro- 
portion. To tell the number of strokes, a small ap- 
paratus, consisting of a train of wheel-work, enclosed 
in a box, was fixed on the working-beam, so contrived, 
that each rise and fall of the beam moves one tooth of 
the small wheels, and this was shewn by a small index. 
This mechanism was called the counter : it could only 
be opened by two different sets of keys, one of which 
was kept by the proprietors, and the other by Bolton 
and Watt, who had a traveller that went round to 
visit the different engines from time to time ; and 
the counters being then opened and examined, from 
the number of strokes which bad been made, the 
"patent third-part" was determined. This annual 
third could, however, be redeemed by a payment in 
one sum equal to ten years purchase. The counter 
was sometimes attached to what was called the spring 
beam floor, and a train of wheel-work was moved by 
the rise of the working-beam striking a small tappet 
or lever, which moved the wheel-work within. 

In order to induce proprietors of mines, who were 
unable or unwilling to be at the expense of new En- 
gines, Bolton and Watt at first took the old Atmo- 
spheric Engines in part-payment at a price far above 
their real value, and gave credit for the remaind er 
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untU advantage should be experienced; and they 
even erected some Engines on several mines at their 
own expense, to be paid provided they answered the 
expectations, which they, as manu&cturers, held out 
were obtained by their adoption. And it was subse- 
quently stated that a sum not less than forty-seven 
dbousand pounds had been expended in the specu- 
lation, by Bolton and Watt, before they b^an to 
receive any remuneration. 

The mine of Chacewater was among the first at 
which they were introduced in Cornwall. Playfair 
has stated, that here three of the largest-sized engines 
were erected ; and it gives a high idea of the enormous 
expenses of the common engines, when we are told 
that for each of those machines the proprietors engaged 
to pay 800 pounds annually, as a compromise for the 
patentee's '' third part of the saving " made in coals 
by using Mr. Watt's Engine instead of Newcomen's. 

The expansive power of steam suggested by Mr. 
Watt'in 1769, and subsequently partially adopted to 
equalize the motion of the piston, was introduced as 
a means of saving steam in an engine at Soho manu- 
fectory in 1776, and in 1 778 at Shadwell water- works, 
and afterwards particularly described in his specifica- 
tion of a patent in 1782. The parts of the Expan- 
she Engine are in every respect the same with 
those we have already described ; but the cylinders 
require to be made of greater dimensions. 

If we now suppose the piston 6, in the Twenty- 
fifth Figure, to be in the situation there represented, 
and the vacuum made under this piston by the usual 
means of opening a communication with the cy- 
linder and the condenser ; let the cock s be opened^ 
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and lallow the steam from the b<nler to enter md 
fwiess down the piston until it reaches the middle of 
the cylinder, to about the position of a ; and let the 
cock 1 be now turned, and allow no more steam to 
enter.; the quantity which already has faeen ad- 
mitted will press the piston to the bottom of thie 
cylinder. It is also remarkable that this quantity of 
steam will do more work than if it had beeii allowed 
to flow into the piston to the limit of its stroke^ 
Suppose, for instance, the boiler contains 1(K) cubic 
feet of steam, and that this quantity is to be ex- 
peiaded in raising a certain quantity of water— s^y^ 
100 cubic feet, when the communication is allowed, 
to be open between the cyUnder and boUer dming its 
^tire stroke ; if this communication be shut off 
when the cylinder is only half fOled with steam, the 
same quantity of 100 cubic feet of steam will raise 
170 cubic feet of water. If the cylinder be only one 
third jiUed with steam, its effect will be greater than 
if it were filled one half; for the same quantity 
would raise 210 cubic feet of water ; or, what is tli^ 
same thing. — 

When the cylinder is quite full, its performance 
will be as • 1 

When ^ full, its performance is encreased as 1 • 7 
J ,.. 21 

i • a* 4 

i 8-6 

k 2-8 

7 .•-. aa 

i •- • , «• 9 

upon the supposition that steam contracts und eiHr 
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paitds by vairiatioDs of pressure, in the satne ratiM; 
that air would do. In practice it has been fimnd, 
tbftt nnder the usual pressure the encrease is not 
freat after the steam is rarefied fbnr timets. It will 
h& very obtious that this prindple can be applied to 
botii double and single engines ; and that tfte ebfta- 
itkotk engiiies can be made to act exjNuisively^ «r ni/t, 
by tbe mere alteration of the tappets in the phig- 
frame. 

In both these fcmns of the apparatus the steam 
aete not only to form the vacuum, but to depress the 
j^iJBflon. But iitill> during th& operation of the counter- 
pmse it produces no effect ; and where it was required 
to move tiiacbinery, this suspension of impulse was k 
peat drawback on its utility. This, however, wiw liot 
dlifected to its general merit, when used kB a mofvel: 
of pumps ; and the more so, as it was ocmimon to 
the Atmospherie Engine: but ^before it could be 
eobsidered as a geteral first mover, this interval i^ 
quired to be much shortened, if it could not be alto- 
gether filled upu 

We hare seen that a contrivance was used at die 
Hartley colliery fer the production of a continuous 
motion from a iteiprocating one ; but this did not 
olmafte the inconvenience of the returning stroke ; ilnd 
rt was left for Mr. Watt to make this other st^ 
towards die perfectioii of the machine, and he ac- 
complished it by a very slight extension of his first 
idea. He had introduced steam acting against k pit- 
ten to press it downwards ; he now formed a commu- 
taeation between both sides df the pbton and the 
boiler, and also with the ccmdenier, and made the 
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steam act to press the piston upwards as well as 
downwards. 

The mechanism was now, as far as the principle 
went, perfect ; and it was freed, for the first time, 
from the enormous dead weight of counterpoises, 
which had hung on it from the first attempts o£ 
Newcomen ; and the equally enormous load which 
was used in the construction of the various parts, for 
the piurpose of equalizing the motion. 

The cylinder a, in the Twenty-seventh Figure, is 
enclosed in a jacket or casing like the single engine, 
having a similar interval, which may be filled with 
steam or air. The piston b is attached to the lever- 
beam by the rod x. 1, 2, 3, 4, are the valves which 
admit steam to the cylinder, or open a communication 
between the upper and under sides of the piston, and 
the condenser, ^ is the pipe leading from tlie valves to 
the condenser, m m, the levers or spanners, which are | 
elevated or depressed by the tappets or pins n, z, in the ' 
plug-frame, and open or shut the valves to which they 
may be connected, h is the condenser ; l, a pipe con- ] 
necting it with air-pump i, and a second air-pump li. | 
c, the piston-rod of this second pump, attached like ] 
the other, /, to the lever-beam. F, a pipe from the 
cold water-pump q, to supply the reservoir in which 
the condenser and its pumps are placed, k, a trough 
or reservoir into which the water heated by the con- 
densation of steam in the condenser, which is raised 
by the air-pump, is pumped back by m, into the boiler. 
G, a pulley ; and H, an endless chain moving over it, 
also going round a pulley fixed on the upright axis of 
the conical pendulum w governor z. Tlie other pul- 
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1^, which is fixed to the axis of the fly-wheel, is not 
diewn in this Figure, but itsjsiJtGCGon lind connexion 

will be clearly seen in thefoUowiii^ JP%tl]$s ^ ^^ 
handle of the lever whi^h regulates the qifuitity of 
injection water admitted^ f,^P/ dsie m^L^onri or wall 
on which the cylinder and oOie^:. parti ,&,.the ma- 
diine axe placed. 4 ^ pipe .conveying steam fix>m 
the boiler to the cylinder, b, a cock or valve, called 
the throttle-valve or r^ulator, placed on the pipe 
conveying the steam from the boiler, and which is 
moved by the levers shewn as supported at D, and 
connected with the conical pendulum, t, q, q, q, w, 
are a system of levers called the parallel motion, z 
is the axis of the lever-beam y. 

The motion at first is produced in this machine 
in the same manner as in the single engine, — ^by 
filling the condenser * and cylinder with steam, and 
thai opening the injection-cock. 

This process may be considered to have been 
gone through, and that the piston has arrived at the 
top of the cylinder. At this moment the tappets 
fi, n, and levers m, m, open the valves 1 and 4, and 
fihut 3 and 2. The steam from the boiler now acts (m 
the upper side of the piston, while a vacuum is formed 

* ** We believe that until Mr. Watt went into Corawall, the 
blowing valve (in the condenser) had never been applied to any 
of his engines, it being the usual method to pump out the air 
by a temporary brake attached to the discharging pump ; and 
that this valve was first applied by Mr. Homblower at an 
engine on a mine called Ting Tong, which engine was erected 
by him for the proprietors of the work/' Homblower in Gre- 
gory's Mechanics, p. 372, vol. II. 

K 
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tinder it by valve 4 opening a commumcation between 
that part of the cylinder beneath it and the condense. 
The piston is therefore pressed by the elasticity of the 
iteam to the bottom: when it has arrived at the lowest 
point, the tappets on the plug-frame, which ako de- 
scend with the piston-rod, shut the valves 1 a&d 4, 
and open 3 and 2. The steam from the boiler, in- 
steadx)f flowing in at the top of the cylinder, is ad- 
mitted at the bottom, and a communication is evened 
between the upper end of the cylinder and the con- 
denser : a vacuum is then produced above the piston, 
and the elasticity of the steam (instead of the coimteP- 
poise in our last figure) forces it upwards. Wheii it 
is elevated to the required height, the tappets again 
act on the spanners, and prevent the further flow 
of steam beneath the piston, and admits it at its up- 
per end, opening at the same moment a comnm- 
nication between the lower end and condensing appa- 
ratus. The motion of the piston is then reversed, 
and this alternation may be continued indefinitely: 

The mode of pumping out the water from the con- 
denser bang the same as that in the single engine, 
will be easily understood from an inspection <of 
our figure. In order to show the four valves in 
section, a pipe placed in the same direction, and op- 
posite to o, has been omitted in the engraving: it 
connects the top of the cylinder and the condenser 
together. 

The power of the condensing Engine is easily 
known by ascertaining the temperature of the steam, 
which moves the piston ; the area of the piston, and 
the temperature of the vapour which remaina in the 
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cmideiiiar. We know from experiment that $team 
of the temp^ature of 212° wiU balance the pre9*^ 
rare of the atmosphere^ or what is the same thing 
will force a piston into a vacnum with a force equal 
to aboat fourteen and three quarters pounds weight 
finr eFery square inch of the area of the piston. The 
diflbience between the elasticity of the steam in 
die condenser, and that issuing from the boiler, will 
be the measure of the power of the engine. It 
is however found most expedient to raise the steam 
to a somewhat higher temperature than 212°; so as 
to produce a pressure between seventeen and eighteen, 
pounds on each square inch of the piston; yet, in 
practice, from the imperfect vacuum which is made 
in the condenser, and after making allowance for the 
friction of the piston on the sides of the cylinder, and 
finr the friction of the various parts of the inter- 
mediate machinery, this pressure of eighteen pounds 
on each square inch of the piston, cannot ndse more 
wata- per inch than would weigh about eight pounds 
and a half, so that somewhat more than a half of the 
whole power of the steam is absorbed to give motion to 
die intermediate mechanism. The height to which this 
weight can be elevated depends on the length of the 
cylinder, and to raise the same weight to twice the 
hdght by the same piston requires double the quaui- 
tity of steam. The double condensing Engine will 
also perf<Nm double the work of a single Engine in 
about half the time, but it requires double the quan-> 
ttty of steam. So that in all cases, under the same 
circumstances, the work performed will be as the 
quantity of keam used. 

K 2 
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When the impulse of the steam impelled the piston 
only in one direction, (downwards) its motion could he 
imparted to the heam by means of chains, as in the 
previous figure : but when the impulse was to be com- 
municated upwards as well as downwards, some other 
contrivance for connecting the beam and piston became 
necessary ; and one of the conditions of this contriv- 
ance must be, to convert the motion in a curved 
path of the end of the lever-beam, into a rectilineal 
motion of the cylinder piston-rod. Mr. Watt in 
his earlier engines used to form the end of the 
beam as a sector with teethe which worked into 
a rack fixed on the end of the piston-rod : this 
allowed the rod to move perpendicularly upwards or 
downwards, but it was very inelegant in appearance, 
worked with a great noise, and was easily deranged, 
especially at the instant when the direction of the 
motion was changed. 

Even after the motion of the piston was equalized 
by shutting off the steam sooner or later from 
the cylinder, another source of irregularity was 
found to arise from the varying quantity of steam, 
which in different states of the fire under the boiler 
was admitted into the cylinder: several modes of 
adjustment occurred to Mr. Watt. The one most 
generally employed, and probably as accurate as any, 
was, by placing a valve in the pipe connecting the 
boiler and the cylinder, which could be made to en- 
crease or diminish the steam-way. The next im- 
provement was, to make this valve, called a throttle- 
valve, a self-acting one, and to admit of its being so 
adjusted, that when the piston' was moving with too 
great a velocity, it would admit less steam into the 
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cylinder, and so diminish its speed/and on the contrary 
admit a greater quantity when it was moving too slow. 
A similar irregularity in the motion of corn-mills 
from the varying quantity of water or resistance, had 
early exercised the ingenuity of millers, to ohtain 
some means by which its injurious effects could 
be obviated. One of the most usual modes was 
by means of a couple of heavy balls, attached 
by a jointed rod, which were made to revolve 
by being connected with the spindle or axis of the 
mill-stones. When the stones were moving at 
a great speed, the meal, by the rise of the stones, 
was too coarse ; and on the contrary, when the motion 
was slow, the meal produced was small in quantity 
and too fine. The attached balls, which were called 
a lift-tenter^ by their centrifugal force either raised 
or lowered a stage in which the atbour of the spindle 
revolved, and brought the mill-stones nearer, or re- 
moved them farther from each other, as tljey might 
be adjusted. This most ingenious r^ulator was 
adopted by Mr. Watt, and applied to regulate the 
opening and shutting of the throttle-valve of his im- 
proved engine. In the Twenty-seventh Figure, z, z, 
are the two balls attached to an upright spindle by 
a joint, and which is connected to the throttle-valve 
by a series of small levers resting on a pivot at d. 
It will be better understood by inspecting the Twenty- 
eighth Figure, a?, is an endless cord or chain going 
round a pulley, o, which is fixed to the vertical stem, 
e ; retained in that position by moving in sockets at 
z and t/. a, a, are two balls fixed to levers having a 
moveable joint at oc : these levers are bent after their 
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junction in the position shewn in the figure, anil are 
connected by another joint at c, c, to two short IcTers 
Gxed by a joint at n, n, to a broad ring ot strap of 
metal, moving freely up and down on the vertical 
spindle. On this ring or strap, formed as in the Fi- 
gure, the ends (formed like a fork) of a lever J, are 
made to fit to it : this lever is suspended at /, and has 
another joint at g, by which it is connected to the 
rod h, which is attached to the axis of the throttle- 
valve. When the piston is moving at its usual speed, 
the balls, being connected by the endless rope x, will 
revolve and hang in the situation shewn in the figure. 
But should the speed of the piston be much encreased, 
its motion will be communicated by the rope and 
pulley to the spindle c, and the bails will, by their 
centrifugal force, rise into the situation shewn by the 
dotted lines i, i : this will depress the ends of their 
levers at c, c, and also the end of the horizontal lever 
which is attached to the moveable ring; and the 
rod h, will be raised, which closes in part the steam- 
way. Should the motion of the piston be too slow, 
instead of rising, the balls will fall, and have a con- 
trary operation on the levers and throttle-valve ; and 
diminish the quantity of steam admitted into the 
cylinder. 

By these and other contrivances having made the 
reciprocating motion of his Engines very regular, 
Mr. Watt early turned his attention to the import- 
ant object of producing a continuous rotatory m» 
tion from a reciprocating one. We have seen 
that Stewart's scheme of employing ratchet-wheels 
for this purpose was useless, and Hulls was for- 
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Kottm. /*' Among th^ many schemes/' says Mr. 
Watt» '^ which passed through my mind, none ap- 
peared so likely to answer the purpose as the ap- 
plication of a crank in the manner of a common 
toraing lathe (an invention of great merit, of which 
the humble inventor and^even its era are unknown) ; 
I^ 89 tiie rotative motion is produced in that ma^ 
^bine by, the impulse given to the crank in the de- 
scent of the foot only, and is continued in its ascent 
by the momentum of the wheel, which here acts as a 
fly ; and being unwiUing to load my engine with a 
fly heavy enough to continue the motion during the 
ascent of the piston (and even were a counterweight 
employed to act, during that ascent, of a fly heavy 
enough to equalize the motion) I proposed to employ 
two engines, acting upon two cranks, fixed on the 
same axis at an angle of 120 degrees to one another, 
and a weight placed on the circumference of the fly 
at the same angle to each of the cranks, by which 
means a motion might be rendered nearly equal, and 
a very light fly would only be requisite/' * 

These ideas had very early occurred to Mr. Watt ; 
but his attention being chiefly directed to the making 
4fDd erecting engines for raising water, he did not 
attempt to put them into practice until about 1778 
or 1779, when from the frequent breakages and irre- 
gplarities of a mechanism similar to Fitzgerald's, for 
which Mr. Wasbrough at Bristol had obtained a pa- 
tent in this year, his attention was again drawn to 
the subject. 

On trial ijk succeeded beyond his most sanguine 

♦ Watt's narrative. 
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expectatioDs ; but, having neglected to take out a 
patent, the inveution was communicated, by a work- 
man employed to make tlie model, to some of the- 

' people about Wasbrough's ir.ngine, and a patent 
was taken out by, or rather in the name of Steed, 
for the application of the crank to Steam Engines. 
This fact was confessed by the workman; and also' 
acknowledged by the engineer of Wasbrough wh» 
directed the works, he however excused his unprin- 
cipled appropriation, by urging, that the same idea had 
occurred to himself prior to his hearing of Mr. Watt's; 
and Ijc further averred that he had made a model of 
it before that time : " this," with great candour says 
Mr. Watt, " might be a feet, as the application of it 
to a single crank was sufficiently obvious ; and in 
these circumstances I thought it better to accomplish 
the same end by other means, than to enter into hti- 
gation, and, by demolishing the patent, to lay the 
matter open to everybody."* 

In order to obtain a rotative motion from a rectili- 
neal one by some other means than the crank, Mr. 
Watt introduced what is now called the Sun and 
Planet JVJieels: it is also a cardioid motion, and has 
several advantages over the crank, where a more rapid 

I velocity is to be given to the fly ; the fly being made 
to revolve with double the speed as when a crank 
is employed. It is not, however, either so simple, 
its construction makes it more expensive, and it is 
easily put out of order, and has now given place to 
the crank, x, in the Twenty-ninth Figure, is an arm 
attached to the lever (or working) beam ; and a, the axis 
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which imparts motion to the machinery. The wheel 
b, is fixed to ac, and the wheel a, on the axis of ;s; and 
both wheels are fixed ^^^nc^a^lyi&pst^^ the same 

vertical plane. At i^e.iise and fall of the working- 
beam, the wheel b, is carried round the circumference 
of the wheel a, and at the instant when the motion of 
the lever is reversed, the cpntinuous rotatory move- 
ment is produced by the momentum of the fly-wheel. 
In many cases it was of importance to ascertain the 
d^ree of exhaustion of the condenser, or rather the 
elasticity of the vapour remaining in it; this Mr. 
Watt accomplished by adapting a barometer tube 
filled with mercury (open at both ends) to the con- 
denser, and about thirty inches long. Its action is 
nearly the same with the common barometer ; were 
the vacuum in the condenser perfect, the mercury^ 
would be raised in the tube to the barometric height 
of the atmosphere, but as this is never attained in 
common instances in the condensers of Steam En- 
gines, the mercury in the tube is raised to a height 
corresponding to the degree of its elasticity, or ex- 
haustion. A similar tube, called the Steam Gauge, 
was fixed on the boiler, which indicated by the 
rise and fall of the mercury, the elasticity of the 
steam; that on the condenser showing the force 
with which the atmosphere pressed on the mercury 
to enter the condenser; while the rise of the 
mercury in the tube placed on the boiler shews 
the force vnth which tEe steam presses it to enter 
the atmosjijhere, at all temperatures above 212 
degrees: below this, its action is the same as the 
condenser gauge. 
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^* It once happened that the valve ef the pump- 
]Ni«ket» Inreaking the engine suddenly lost its load ckt 
reditance^ which oooasicmed the piston to desoeud aad 
atnke on the spring beams f(Hr two or three suoeessive 
strokes with such violence as to break one q( the 
beams, and at last the piston striking the bottom of 
the cylinder, the momentum of the beam forced dowB 
upon the rod so violently as to bend the great p]9toa<* 
yod quite crooked. To prevent similar acddeots, a 
smaller steam pipe was added at the side of the veiv- 
tical steam pipe communicating with the passage into 
the bottom of the cylinder. This pipe is kept dosed 
by a valve ; but, if the engine desqpuds so low as to 
strike on the spring beam, a catch pin on the beam 
strikes a small lever, and by a wire of communication 
€fpens the valve and lets the steam into the lower 
part of the cylinder beneath the piston, and this de^ 
itroys the vacuum, so as to prevent the further 
descent of the piston.^ 

The scheme of equalizing the motion of the piston 
by a fly, suggested by Fitzgerald, and mentioned by 
Mr. Watt in 1769, in the letter to Dr. Small which 
we have quoted, appears to have been first U9ed by 
Mr. Wasbrougb, and it was applied in combination 
with the crank in his works at Bristol for turning 
lathes, and also at Mr. Taylor's works afBouthamp- 
ton ; and he likewise applied it to some com mills.f 

^ Farey in Rees' Cyclopedisy art. Steam Engine. ' 
t Hornblower, 

In the drawing presented to the House of Commons in 177^ 
by Mr. Watt, a fly is placed on the axis of the sun-wheel. 
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In the drawing produced by Mr. Watt before the 
House of Commons in 1774, he shewed a method of 
applying the steam to press on both sides of the piston^ 
This was brought forwwci by a Dr. Faldc in 1779 as 
a new idea. The Doctor puUished a pamphlet enu- 
tteHating the advantages of this kind of engine, stat- 
ic^ it to be equal to perform double the work of the 
usual krer Engines of the same size ; but he does not 
appear to have proved the assertion by constructing a 
ttodeL 

The only novelty in the Doctor's scheme was the 
way he produced this double action. He proposed 
using two cylinders fitted with pistons, connected 
with the same boiler. Steam was introduced under 
both pistons, and a vacuum was f(xrmed by its conden- 
satioQ, by the same methods as those practised in the 
Atmospheric Engines. Only, that while the steam 
was admitted from the boiler into one cylinder, it was 
prevented from flowing into the other by a regulator. 
The piston-rods were kept (by means of a wheel 
fixed into an arbour) in a continual ascending and de- 
scending, motion in the same manner as the rods <^ 
a common air-pump, by which they move a common 
axle, having another wheel affixed to it ; this wheel 
moves the puinp rods, in the same alternate directions 
as the piston rods, by which the pistons of the pumps 
are kept in omstan t action. ** We have seen both the 
Atmospheric and single Engine of Mr. Watt work- 
ing in this arrangement, but his double Engine is 
much preferable." * 

* Farey in Rccs* Cyclopedia, art. Steam Engine. 
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About this time Mr. Watt's condennng Engine 
Witt introduced into France. In 1779 a M. Ferris, 
who was associated with his brother in the manufae- 
ture of machines at Paris, was commissioned by a 
company then recently established to supply thai 
city with water, to proceed to England and to 
endeavour to procure a Steam Engine manu&ctured 
en the best principle ; those which were constructed 
in France being exceedingly defective in arrange- 
ment and workmanship. M. Perrier ultimatdy 
succeeded in purchasing from Bolton and Watt an 
engine in which were combined their improvements. 
By the sanction of the English Government, it was 
sent to France, and erected by MM. Perrier at Chail- 
lot, near Paris. The French engineer Prony, in 
his elaborate work on the Steam Engine, describes 
this identical engine; is minute even to prolixity 
in his enumeration of the peculiarities of its con- 
struction and its economical advantages; yet with 
a detestable illiberality and utter disregard to every 
thing like candour or truth, he attributes all the 
merit of the improvements in the Chaillot Engine 
— to his friend Perrier, the person who merely put 
together the pieces he had brought from Soho, with- 
out once alluding to Mr. Watt's labours, or once 
mentioning his name in his quarto book, as being 
the person who constructed it,* or even as having 

♦ " Mr. Watt was too inoffensive a man to attack Prony ; and 
when the injustice done was mentioned to him in 1810 or 1811, 
when he was in London, he said that it was true, but that he had 
seen de Prony, who had made a sort of an apology, or entered 
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made any improvement in steam meehanism ! This 
attempt to award to his countryman the honour due 
to another is entitled to still more unqualified repro- 
bation, from M. Prony's personal knowledge of the 
whole transaction; for we believe he was the person 
under whose immediate direction Perrier was sent 
to England, and who was in correspondence with 
ihat gentleman when he was residing at Birming- 
ham, during the execution of the Chaillot Engine ; 
and who superintended Perrier when he put the 
Engine together in France.* 

The Engine invented by Mr. John Homblower 
presents no novelty in its principle or even in the 

into an explanation. Mr. Watt did not appear to wish to enter 
on the subject." Playfair's Memoir. Nothing more strongly 
marks the equanimity and greatness of Mr. Watt's mind, than his 
indifference to the attempts of those who would detract from 
his claim as an inventor. Prony, however, never had either 
the candour or the grace to make an apology through the same 
medium that he attempted to do the injury. 

♦ " Prony's work," says Mr. Farey, in Rees' Cyclop, "is little 
more than a description of the plates. These engines are not 
the best specimens of Mr. Watt's invention ; they were all con* 
structed in France by M. Perrier of Paris^ who, in 1780, erected 
a large engine at Chaillot, to pump up the water of the Seine 
for the supply of the town, and another of smaller dimensions on 
the opposite side of the river at Gros Caillou. These engines 
are still (1817) at work, and I visited them in 1814. They are 
upon the plan of Mr. Watt's first Engines, though, for want of 
some attention to minute particulars, they do not produce any 
great effects. M. Perrier had visited England to obtain the 
requisite instructions for making these engines." " Frenchmen," 
says Play fair, "are at great pains to conceal the origin and coun- 
try of the Chaillot Engine;" they have even succeeded in con- 
cealing it from Mr. Farey. 
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arraugement, combining Mr. Watt's expansion En- 
gine with the two cylinders of Dr. Falck. The 
steam, after it was admitted to elevate or depress the 
piston in the first cylinder, was then admitted to per- 
form the same action in the second cylinder, which in 
dimension considerably exceeded the first cylinder, 
and thus was allowed to operate by its expan- 
sion to raise the piston. Our Thirtieth Figure will 
give a general idea of this contrivance, without 
shewing any of the smaller parts, which, as being 
similar to those of common engines, and not Ut 
confuse the Figure, are omitted, a, the small cj'lin- 
der, having a piston, a, attached by a rod to the 
lever-beam; this cylinder communicates with the 
boiler by the pipe c. Other pipes and eocts, x, Y, 
(Horublower arranged his parts more compactly, 
but, in order to explain this machine in one Figure, 
we arrange them somewhat differently,) are attached 
to each cylinder, and open a communication with 
both sides of their pistons, e, is a pipe with a stop 
cock, which opens a communication between the bot- 
tom of the small cylinder a, and the top of the large 
cylinder B. P, is a pipe and cock leading to the con- 
denser G, its pump H, placed as usual in cold water; 
these are the same as those in Mr. Watt's Engines. 
Steam comes from the boiler by the pipe c, and its 
flow may be prevented by the cock k. We will now 
suppose the cock K, to allow the passage of steam 
from the boiler, and the cocks e, x, y, to he all open, 
which will allow the steam to fill both cylinders. The 
cocks X and Y must now be closed, e and K remain- 
ing open. 
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By turning cock F, a communication is opened 
between the under side of the piston y, and the con- 
denser, whicli forms a vacuum in b. The steam 
pressing on the upper side of a, in a, and the commu- 
nication between the cylinder a under its piston a being 
open, the steam in a, from its expansive power, will 
press Y, downwards in B. This decreases the resist- 
ance on the under side of the piston a, which is also 
carried downwards by the pressure of the steam flow- 
ing through K from the boiler; and the two pis- 
tons descend at the same time, carrying the beam 
along with them. When they reach the bottom of 
the cylinders, the cock f, shuts o£P the communication 
with the condenser, and the cock E, with the top and 
bottom of the two cylinders ; the cocks in y, and x, are 
now opened, which allows the steam in each a free 
communication between the uppCT and under sides of 
their pistons, or between that of the last cylinder and 
condenser ; and the counterpoise at the other end 
of the lever-beam raises the pistons to the top of their 
respective cylinders; or the pipe Y, may form a com- 
munication between the top and bottom of piston y, 
and the condenser, x and Y are now shut, and 
K, F, and K, are opened, and the operation is re- 
peated.^ — The mode of admitting the steam to allow 
of the action of the counterpoise, the shutting out 
the atmosphere, the condenser, and the air-pumps 
connected with it, are taken from Mr. Watt's En- 
gines. It is unnecessary to enter further into the 
detail of this engine, which was not found in practice 
to be at all equal to the common form of the con- 
densing Engine. In fact, the apparatus described 
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by Homblower is in every part the same as Mr. 
Watt's.^ And it must always be subject of regret 
that this ingenious man should have wasted the best 
part of his life^ and ruined his fortune, in a series 
of selfish attempts to copy Mr. Watt's in?^mtioDS 
without coming within the letter of the patent. 

Mr. Watt, who had previously constructed engines 
<m the principle of the double impulse, finding himself 
beset with a host of plagiaries and pirates, inserted 
a description of it in a patent which he obtained in 
March 1782. He also described a compound En" 
gine, or method of connecting the cyUnders and oon* 
densers of two or more separate engines, in which the 
steam, after it had pressed on the piston of the first 
engine, was made to act by its expansion to press on 
the piston of the second engine, and thus to derive 
additional power, which might be employed to act 
either conjointly or alternately with the piston in the 
first cylinder. The reciprocating rotative engine. 



* Homblower erected several Engines on this scheme, with 
various contrivances to evade Mr. Watt's patent for the condenser 
and air-pump; but in practice they were not found equal to the ori- 
ginal. And the proprietors of those engines, rather than run die 
chance of a decision by a Jury, submitted to pay to Bolton and 
Watt the sum these gentlemen commonly charged for the privi- 
lege of using their Engines. Mr. Hornblower's preposterous 
application to Parliament in 179^, to extend the term of his 
patent, it need hardly be added, was refused; and none httoe 
been erected since the patent has expired. The valves, however, 
introduced by him were very ingenious and effective, and his 
mode of trussing the working-beam was highly creditable to his 
mechanical attainments. 
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and the rotative engine^ also described in this 
patent, he never carried into execution. The me- 
duuiism for transmitting the double impulse of his 
new engines, used for a few years, was given up for 
lev objectionable methods. 

The application of the Engine to the moving of 
Mill machinery gave birth to another contrivance. 
In the patent of 1782, the double impulse was com- 
municated to the working-beam by the interven- 
tion of a sector placed on the end of the pump-rod, 
working into a sector placed on the end of the work- 
ing-beam ; but the motion was rough and jerking, 
and above all noisy ; and the racks and sectors were 
f&tj subject to wear. It occurred to Mr. Watt that 
if some mechanism could be devised, moving on cen- 
txen which would keep the piston-rods perpendicular, 
both in puUififf and pushiiigj a smoother motion 
would be obtained. Tjiis problem was solved by the 

• ** One of his^r*^ trials was uncommonly ingenious. It con- 
sisted of a drum turning air-tight within another, with cavities 
so disposed, that there was a constant and great pressure urging 
it in one direction ; but no packing of the (!ommon kind could 
preserve it air-tight with sufficient freedom of motion. He suc- 
ceeded by immersing it in mercury, or in an amalgam, which re- 
mained fluid at the heat of boiling water, but the continual 
action of the heat and steam, together with the friction, soon 
oxydated the fluid, and rendered it useless. He then tried Parent 
or Barker's Mill, enclosing the arms in a metal drum which was 
knnief sed in cold water. The ^pteam rushed rapidly along the 
pipe which was the axis, and it was hoped that a great re-action 
would have been exerted at the ends of the arms, but it was 
alitiost notliing. It was then tried in a drum kept boiling hot, 
bat the impulse was very small, in comparison with the expense 
of the steam." Farey in Rees' Cyclop, art. SUam Engine^ 1817. 

L 
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invention of the beantiful mechanical combination 
called the parallel motion. It is shewn as attadied 
to the Twenty-seventh Figure, and was first used in 
the engines erected at the Albion Mills near lAmdtm. 

This document also contained a descriptioft of se^ 
veral contrivances for regulating the descent of the 
piston : one of them was by using two cylinders 0fmk 
at top and bottom^ and also furnished with two pis» 
tons suspended from the opposite ends of a lever 
moving on a fulcrum ; the cylinders are C(mnected by 
a trough at the top, and are each filled with waters 
When the pistons are in equilibrio, and the eomieet^ 
ing lever horizontal, the height of the wat^ abora 
each is equal ; but when either end is depressed^ 
the water raised by the opposite piston flows thvongli 
the trough into the other cylinder, and this differ- 
ence of pressure being added to the resistances of the 
steam piston in its ascent or descent, equalizes Willi 
tolerable precision its otherwise accelerated inove- 
ment : — ^levers acting unequally on each other, and 
chains acting on a spiral in the manner of a fusee^ 
and a large weight attached to the working-beam; 
having its centre of gravity considerably above its 
centre of motion, are also proposed as modes of equal- 
izing the rise and fall of the piston. They are all 
ingenious ; but except the water cylinders, they are 
not much adapted to practice, and we believe they 
were not employed by M#. Watt himself in any rf 
his endues. 

Mr. Watt's next improvement was made in the 
construction of the fire-place ; and his invention is 
the type of a great proportion of those contrivances 
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fot consuming the snioke, which have been pro- 
posed by numerous recent projectors, on the princi- 
ple of the air which is to supply part of the com- 
bustion, being made to traverse the surface of the 
ignite &el before it could come into contact with 
the boiler, or ascend the chimney. The whole ar- 
rangement of this fire-place is very good. A similar 
mode of supplying the fuel by a kind of hopper, 
and also the two side openings by which air was 
admitted, but on a small scale, was practised 
by the alchemists : the furnace in their hands was 
called the Athanor. Glauber used a similar one, 
and describes it in his writings. Mr. Watt also 
proposed using two fires, one placed beyond the 
other; on the first grate was laid coals, and the 
smoke from this fire was made to pass over the surface 
of the fire made on the other grate with charcoal or 
coke ; so that whatever combustible gas escaped from 
the fuel on the first grate was ignited by the burning 
cokes placed on the second. 

The first practical application, on a large scale, of 
the Steam Engine to propelling vessels, was made 
about this time by a French nobleman.* It ap- 

• In the History of Steam Navigation we ought not to omit 
the name- of a M. J. A. Genevois, a clergyman in the Canton of 
Berne, who, in 1759, puhlished at Geneva a hook containing 
what he called a discovery of the " Great Principle." This was 
to concentrate power, hy whatever means produced, into a 
series of springs, which might he applied to a variety of uses 
at the nx>st convenient time, or in the most convenient manner 
afterwards. He suggested the application of his "great 
principle,'* to the mode of propelhng a vessel by oars worked 
with springs. He also proposed the use of an Atmospheric 

L 2 
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pears that a Marquis de Jouftey (Geoflftroi ?) ' in 
1781 made some experiments on a great scale, on 
the river Saone at Lyons, with a boat stated* 
to have been 140 feet long. We are ignorant of 
the details and arrangement of the mechanism 
of this vessel, and equally so of the circumstatices 

Steam Engine, to bend the springs which were to move the oars, 
and also to work a " winged cart " when the wind failed, and a 
** winged machine" in any wind — even a quite contrary one. 
His favourite project, however, appears to have been to me the 
expansive force of gunpowder, to bend the springs of his oan. 
He came to England m 1760, to submit his book and plans to 
the Lords of the Admiralty, who desired him to extract and sub- 
mit to them that part of his book relating to navigation.^ — ^This 
memoir he printed, with a plate containing figures of the mode 
of forming and using the oars and the ** gunpowder cylinder." 
— We quote the following anecdote from his pamphlet. ^ It is 
true, an honourable gentleman, one of the members of the Navy 
Ofiice, told me when I appeared bf fore them on the 4th August 
1760, that about thirty years ago, a Scotchman proposed to make 
a ship sail with gunpowder, but having found by the experiments 
made for that purpose, that thirty barrels of gunpowder had 
scarce forwarded the ship the space of ten miles, this invention 
had been rejected. To this I answered, that he acquainted me 
with a thing quite new to me ; that his scheme was d^ervedly 
rejected, but that my work was of another kind. I have been 
since told that it was from the power of retrogradation of one or 
more cannons on the poop, this man had conceived the hope of 
forwarding the ship. This put me in mind of a trial a cele- 
Inrftted gentleman made many years ago on the Rhine, by the 
effusion of the water from a tub on the stern by a hole towards 
the prow. This was only a sport : — as for the Scotchman's work, 
it has nothing to do with mine but the thought of gunpow- 
der." p. 20. 

* *' Journal des Debats." — Partington, Historical Account 
of the Steam Engine* 
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ivhich occasioned the scheme to be abandoned. 
The same idea, it would seem, a little after this 
period occurred to a Mr. Miller, of Dalswinton near 
Edinburgh, an amateur mechanic, of very consider- 
able scientific acquirements, and of great ingenuity, 
who published a description of what he called a 
triple boat, and presented copies of hi$ pamphlet 
to the difierent Sovereigns of Europe. The vessel 
which he proposed to propel by a Steam En- 
gine was a double boat, having one wheel* in the 
middle. It was repeatedly tried on the Forth and 
Clyde canal, and die experiment, it would appear, 
was SHOoessfiil. f The date of the trial is not given, 
but it was probably made after the publication of 
Mr. Miller's book in 17879 as he there speaks of 
the scheme as likely to answer. X That this gen- 
il^nan was the inventor of the Steam Boat in the 
strict sense of the word, **I will not," says Dr. 
Brewster, '' venture to affirm; but I have no hesita- 
tion in stating it as my decided opinion, that he is 
more entitled to this distinction than any other in- 
dividual who has yet been named ! " 

M. Bettancourt, whose name is welj known among 

• Brewster. 

t Dr. Brewster, in his supplementary volume to Ferguson's 
Mechanics, describes the boat as double and having wheels in the 
centre. We have not been able to see the book. Mr. Buchanan, 
in his treatise on Steam Boats, says the experiment did not 
succeed to Mr. Miller's satisfaction. 

t ** I have also reason to believe that the power of the Steam 
Engine may be applied to work the wheels, so as to give them a 
quicker motion, and consequently to increase that of the ship." 
— Mr. Miller, as quoted by Dr. Brewster. 
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mechanics as the author of some experiments and 
foifmulie on the elastic force of steam, was em- 
ployed in 1787 and 1788 by the Court of Spain to 
obtain information and collect models of machines, 
which it might be expedient to introduce into the 
Spanish-American mines. When in England, 
he took occasion to visit the Albion Mills, in 
which Mr. Watt had erected one of his double 
impulse engines. Here M. Bettancourt obserred 
that instead of chains, the parallel motion was in- 
troduced, from which he inferred that the piston 
was impelled by the steam, both upwards and down* 
wards ; but the interior mechanism he had no means 
of inspecting. At his return to Paris, he constructed 
a model having the external appearance of Mr. 
Watt's Engine; but the steam valves, and the mode 
of connecting tl^e cylinder and the boiler, were his 
own invention : these are very imperfect. An engine 
which is fully described by Prony, was erected by 
M. Perrier near Paris, from Bettancourt s modd : 
neither its merit, nor date, entitles it however to 
any notice in the history of the Steam Engine, 
but for the claim which Prony makes for Bettan- 
court, as being a second-hand inventor of the me- 
chanism of the double Engine. 

Mr. Cooke presented a description of a rotative 
Engine to the Royal Irish Academy in 1787, 
which is shewn in the Thirty-first Figure. On the 
circumference of a wheel eight vanes or flaps are at- 
tached by joints, which are formed to open some- 
what more than half of their circumference. During 
the revolution of the wheel, the valves which are on 
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die lower half of its civcumference, hang in a vertical 
dkectioii by their own gravity, c, c, c, are the valves 
or flaps ;^, is the tuj^.^ly^.adixat?. steam the 

boiler ; a, a tube leidiAg to 4hie^ condenser, k, k,^f, 
is the case in which tihe^^^A, h^is enclosed as high 
as the dotted line: Hhis case is to be steam-tight 
The wheel being su^pos^ in-the situation in the Fi- 
gure, the valves prevent aiiy communication between 
the boiler and condenser. Steam is now admitted at 
b, and pressing on c, c, forces them forward in its 
passage to the condenser, and produces a rotatory 
movement. The condenser is worked by a crank in 
the axis, and a rod d is extended firom it, which 
keeps a constant vacuum in that half of the steam 
case : — ** by this means a power is added to the steam 
equal to the weight of the atmosphere ; so that when 
the force of the steam is only equal to the pressure 
of the atmosphere, and the valves are six inches 
square, the wheel will be forced round by a power 
equal to 531^ pounds placed on its circumference,'' 
— if, as Mr. Cooke ought to have added, his scheme 
was practicable with such imperfect mechanism. ^, 
is a piece of wood which ** shuts the valves as they 
approach, and delivers them closed into the steam 
vessel." * 

The contrivance which has been described for con^ 
suming smoke ki furnaces was, about 1790, introduced 
into France by Mr. Watt. ** We should have been 
ignorant," say MM. Morveau and de Prony, (in their 
report on the method employed in the French "Mint 
of consuming the smoke of its engine,) **of Mr. Watt's 

* Trans. Roy. Irish Academy, 1787. 
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mode of consuming smoke, if he had not adapted it to 
the apparatus of a Steam Engine at Nantes, the 
several parts of which were got up in his workshops^ 
and which was erected at Nantes in 1790, under the 
direction of our fellow member, who had discussed and 
arranged the plans with Mr. Watt himself.** ♦ In 
this year also the first rotative condensing engine, 
used as a first mover of cotton machinery, was erected 
in the town of Man<^hester. 

In Mr. Sadler 8 invention,! (the Thirty-second and 
Thirty-third Figures,) the steam generated in the 
boiler is conveyed through the pipe c, into the spindle 
or axis of the rotative cylinder a, b, which is made 
steam-tight by working in a stuffing-box. The steam 
passes along the arms of the revolving cylinder, nearly 
to its ends, where it meets with a jet of cold water, 
introduced from the hollow axis w, by the small pipes 
s, s ; this condensing water falls from the revolving 
cylinder into the bottom of case n, at o; whence it is 
conveyed through a pipe o, and cocky^ into A, and is 
discharged by openings made in the ends or sides of 
another cylinder i, i, moveable in a horizontal direc- 
tion, giving it a rotatory movement in the same 
manner as Barker's mill. The jet of cold water 
from the pipes, s, s, having condensed the steam, 
produces a re-action, and the cylinder a, b, acquires a 
rotative movement. The case n, is steam-tight, and 
the outer case, y, serves the same purpose with the 
jacket in the reciprocating engines. Another mode of 

* Annales de Chemie, 1809. 

t Specification of patent, 171)1. — Repertory of Arts, vol. Iff. 
First Series, 
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action is suggested by Mr. Sadler to be had by filling 
the case (in which the arms revolve) with steam, which 
would cause them to revolve by the pressure it would 
produce in being condensed in entering the . arms. 
The Thirty-third Figure is a side view (Cf£ this steam 
wheel : ^, a?, a;, being the small pipes for conveying 
the injection from the hollow pipe c, to the end of the 
arms a, 6. n, is the enclosing case, and y, the jacket; 
leaving an interval between them which may be fiUed 
with any slow conducting substance, o, is the pipe 
leading to the revolving arms which discharge the 
hot water. This Figure may be considewd as an 
illustration of the engine already noticed as having 
been tried by Mr. Watt, but with which, it is proba- 
ble, the ingenious inventor was unacquainted. 

M. Fran9ois, professor of philosophy at Lausanne, 
having been consulted by some members of the 
government, respecting the draining of a considerable 
extent of marshy land, between the Lakes of Neu- 
chatel, Bienne, and Morat, and from some local 
peculiarities having given up the idea of accomplish- 
ing this object by the use of windmills, proposed 
using a Steam Engine on the plan of Savery's. 

The machine (the Thirty-fourth Figure) is com- 
posed of the pipe s, w, the lower end of which is in- 
serted into the water, and the upper end enters the 
receiver a ; a pipe n, c, proceeds from the receiver as 
high as it is required to elevate the water, and has 
a cock or valve at 6. Another pipe t^ having a stop- 
cock at/, conducts steam from the boiler k, into the 
receiver a. ^, is a bucket turning on an axis : to this * 
bucket two levers are fixed, having joints at p, and o. 
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Zf a trough, which conducts the water, which may be 
faised to the required level from the ditch cat exca- 
vation /. 

The novelty in this engine consists in the simple 
means by which it is made to be self-acting. When 
the steam, flowing from the boiler into the receiver, 
forces the water which it may contain up the pipe n, 
and is eriiptied into the swinging bucket d; this 
bucket being filled turns upon its axis, and empties 
itself into the trough z, and is afterwards brought 
into its horizontal position by the counterpoise e. 
However, as the bucket turned down, it depressed the 
lever o, and raised the lever p ; the lever o, acted on 
h, to shut the cock /, and the lever p, acted (mm,to 
shut the cock b : the further passage of steam from 
the boiler into the receiver was shut, and the vfater 
in the eduction-pipe prevented from flowing into 
the receiver. A valve at z, in the trough, was also 
at this moment raised, which permitted a small quan- 
tity of the cold water to fall into a, and condense the 
steam it contained. The pressure of the atmosph^^e 
then forced the water into the receiver, and the 
counterpoise restoring the swinging bucket to its 
former position, the cocks j^ and b, are opened ; ** the 
steam escapes from the boiler, and the water is again 
driven out, and this takes place five or isix times in a 
minute."* * 

Kempel's rotatory f Engine, desmbed by Langs- 
dorf, differs nothing in its principle from Hero's. A 

* Memoirs of Phil. Soc. of Lausanne 1791, also p. 203, vol. 
IV. of Repertory of Arts, First Series, 
t Handbuch der Mechanik. Altenburgb, 1 794. 
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boiler a, in the Thirty-fifth Figure, is fitted with 
a cock d^ and vertical pipe, to which is attached a 
horizontal arm, c, a?, &, moving round the vertical 
pipe at the joint oo. Steam being admitted from 
the boiler through the cock d, it is allowed to es- 
cape into the atmosphere from two small holes made 
in the side of the horizontal pipe, one on each side 
of the joint, and by its re-action the arms were car- 
ried round continually. At the ends of the horizon- 
tal arm, two circular pieces were fastened, which served 
the purpose of a fly-wheel, and the rotative motion 
was ccmimunicated to other machinery by a chain or 
cord connected with the upright pin x. 

The earliest mode of condensation we have described 
as being produced by an affiision of cold water on the 
outside of the cylinder ; and it was also attempted by 
Mr. Watt by immersing his condenser in cold water: 
both schemes were feund to be ineffectual. The 
Reverend Mr. Cartwright,* in reviving the scheme 
of condensing by contact, suggested the advantage of 
to engine in which this could be accomplished, 
as saving, in many cases^ nearly the whole expense 
of the friel. In distilleries, for instance, the alco- 
holic vapour might be introduced under the piston, 
to raise and depress it by its elasticity, and be con- 
densed without mixing with cold water, in the same 
way as in the worm of a still ; or, should this not be 
required, the boiler could be filled with alcohol ; and 
from the lower temperature required for its conversion 

* The First Volume of the Pliilosophical Magazine contains 
an admirable engraving of this Steam Engine. 
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into vapour, with an elasticity equal to the pressure of 
atmositlicrc, Mr. Cartwright calculated at least a sav- 
iug of cue half of the fuel could be made. The de- 
tails of the engine he proposed to fulfil these conditions 
were constructed with uncommon ingenuity; and the 
whole apparatus may he considered more simple and 
efficient than any other comhination which had 
been proposed of the parts of the condensing engine. 

In the Tliirty-sixth Figure, the piston b, moving 
in the cylinder a, has its rod / prolonged down- 
wards; another piston //, is attached to it, mov- 
ing in the cylinder c, and which may be also con- 
sidered as a prolongation of the steam cylinder. 
The steam cylinder is attached by the pipe gt to 
the condenser, placed in cold water, formed of two 
concentric circular vessels, between which the steam 
is admitted in a thin sheet, aud is condensed by com- 
ing into contact with the cold sides of the condensing 
vessel. The water of condensation falls into the pipe 
e. To the bottom of the cylinder i, a pipe vi is car- 
ried into a box n, having a float-bali o, which opens 
and shuts the valve p, communicating with the at- 
mosphere ; a pipe q, is also fitted to the box. There 
is a valve placed at 2, opening into the cylinder c; 
another at n, also opening upwards. The pipe s 
conveys steam from the boiler into the cylinder, which 
may be shut by the fall of the clack r. k, is a valve 
made in the piston b. 

In the Figure the piston b is shewn as descending 
by the elasticity of the steam flowing from the boiler 
through j; the piston 1!, being attached to the same 
rod, is also descending. When the piston b reaches 
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the bottom of the cylinder a, the tail or spindle of the 
Talve Ar, being pressed upwtrds, opens the valve, and 
forms a communication between the upper side of the 
piston and the condenser ; at the same moment the 
valve r is pressed into its seat by the descent of the 
cross arm on the piston, which prevents the further 
admission of steam from the boiler ; this allows the 
piston to be drawn up to the top of the cylinder, by 
the momentum of the fly-wheel ;^, in a non-re^sting 
medium. The piston d is also drawn up to the top 
of c, and the valve i is raised by the condensed 
water and air which have accumulated in e^ and in the 
condenser g. At the moment when the piston has 
reached die top of the cylinder, the valve k is pressed 
into its place by the pin or tail striking the cylinder 
cover ; and at the same time the piston h striking the 
tail of the valve r, opens it; a communication is again 
established between the boiler and piston, and it 
is forced to the bottom as before. By the descent 
of the piston c/, the water and air which were under it 
in the cylinder c, being prevented from returning into 
the condensing cylinder by the valve under iV^e 
driven up the pipe tw, into the box Uy and are conveyed 
into the boiler again through the pipe q. The air 
rises above the water in a, and, when by its accumula- 
tion its pressure is increased, it presses the float o 
downwards ; this opens the valve p, and allows it to 
escape into the atmosphere. 

The machine, from its refined simplicity, appears 
excellently adapted as a first mover on a small scale. 
It has never, however, had a fair trial ; the objections 
which were urged against the condensing vessels at 



158 A DESCRIPTIVE HISTORY OF 

the time of their invention, have always ap'peascd 
to us more specious tfa»n solid* To the great 
merit in the arrangement and simplification of 
parts shewn in this engine, must be added One 
of immense importance to engines on every con- 
struction — the metallic piston. Mr. Cartwi^fat 
constructed his of two plates, between which wa?e 
placed detached pieces of metal, instead of the usaal 
packiiig ; these piec^ were acted on by a spring, so as 
always to be kept equally tight, whatever might be 
the wear of the piston. The manner ^f connecting 
the ]»ston-rod and procuring a rotatory moti<m is a 
beautiful specimen of mechanical invention. 

In this patent Mr. Cartwright also proposed a 
modification of the rotatory Engine described by 
Mr. Watt in 1782. It is shewn in the Thirty-^ 
seventh Figure. The axis D has any unequal number 
of pistons, H, H, H, (not less than three) uxK>n it, so 
disposed that no two shall be opposite. In the cylin- 
der in which the axis revolves, are two valves at 
opposite sides of the cylinder ; on the side of eadi 
valve is a pipe for the admission of steam, and ano- 
ther communicating with the condenser. It is obvi- 
ous that, the number of pistons and valves not *cor- 
responding, some one or other of them will always 
be in action on one side or the other of the cylinder. 
The engine consequently will have no tendency to 
stop, and therefore a fly-wheel will not be absolutely 
necessary, especially a very heavy one.* 

Mr.W. Symington, who was employed about 

* Repertory of Arts, vol. X.p. 7. r 
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Mr. Millers Steam Boat, constructed in 1801, a 
vessel exhibiting conidderable ingenuity in the 
arrangement and construction of the steam ma- 
dbinery. He placed the cylinder in a position 
nearly horizontal; the piston was supported by 
firiction-wheels, and, as the lever-beam was dismissed^ 
he communicated the motion to the paddle-whedis 
by a rod ^and crank attached to the piston. The 
paddle-wheel (as in Mr. Miller's boat) was placed 
in the centre of the vestel ; he also attached stampers 
to the bow of his boat for the purpose of breaking the 
ice 6tL the canals. This apparatus moved the vessel 
at the speed of only about two and a half miles an hour^ 
but was laid aside in consequence of the iniury, even 
with this rnudl velocity, which was appreSed to 
the banks, from the eddies raised by the action of the 
wheels in the water.^ Mr. Buchanan was unable to 
ascertain whether he ever tried his boat on any river .f 
Next in importance to Mr. Watt's improvements 
on the Engine, may be reckoned Mr. Matthew 
Mulrray's, of Leeds, on the sdf- acting apparatus at« 
tachedto the boiler. In 1799, this gentleman con- 
nected the damper of the chimney with a small jfisUm 
moving in a cylinder, which rose and fell with the 
increased or diminished elasticity of the steam in the 
boiler, and opened and shut the damper attached to 
it, and by this means regulated the intensity of the 
fire under the boiler — an invention of great practical 
use, and among the few which are still used on all well- 

♦ Journal of Royal Institution, Young's Nat. Phil. vol. II. 
t Buchanan on Steam Boats, page 7. 



160 A DESCRIPTIVE HISTORY OF 

constructed Steam Boilers; he also revived the old 
sliding valves with great improvements ; gave a new 
arrangement to some of the other parts, and greatly 
improved the air-pump, besides introdudng sevarad 
improvements in the details of the many beautiful 
engines which were constructed in his great manu- 
factory at Leeds. Mr. Murray, we believe, also 
carried into practice the scheme of placing the 
piston in a horizontal position in die common 
condensing engines. About tiie same time jVIr. 
W. Murdock formed the upper and lower valves 
with one spindle; and by forming the. . loonnect- 
ing tube hollow, he made it serve the office ,of the 
eduction connecting pipe between the top. and iKittom 
of the steam cylinder; and by this ingenious ctatriv- 
ance freed the engine from a pair of valm. The 
same patent also included a description of a rotative 
Engine, which is shewn in the Thirty-eighth Figure.' 
a, and b, are two wheels working into, each other, 
and turn in a box, to the inner circumference of 
which the ends of the wheels are made to move 
round steam-tight by packings or stufiiiigs, . as 
shewn in our Figure. The axis of one or both 
wheels pass through the sides of the box, and are 
made steam-tight in the usual manner. Steam being 
admitted into this box by the pipe or channel g\ and 
a vacuum beitig formed by the condenser k, the steam 
acts upon the teeth of the wheels, and causing them 
to turn round in contrary directions, produces a rota- 
tory motion, which may be communicated from their 
axes to other machines.* — Mr. Bramah, in 1801, 

* Repertory of Arts, p. 11, vol. XIII. 
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made a considerable improvement on the fourway- 
cock, which had been used in low-pressure engines, 
by making it revolve continuously instead of the 
usual alternate revolution. The ' improvement was 
important in two respects : its wear was less, and of 
course its action capable of greater precision.* 

An improvement on Savery's Engine by condens- 
ing the steam in a separate pipe or vessel from the 
body of the pump, was described by Mr. John 
Nuncarrow in 1 799-1 The pipes m^ w, (Figure 
Thirty- ninth,) are inserted in a cistern ; a, a steam 
pipe through whicH the steam is conveyed into a, b, 
the receiver; o, the condenser; E, the boiler; f, a 
reservoir for supplying the boiler with water, g,' the 
injection-pipe, and g^ its cock; y, a pump by which 
water- is raised from the cistern through pipe rf, into 
F. c, the reservoir from which the water^ which is 
raised through the pipe b, falls into the buckets of 
the water-wheel d, and gives it a rotatory motion, 
r The steam is admitted through pipe a, into a, b, and 
pressing on the water which it contains, the water is 
rmuA through a, b, and b, into the cistern c. The 
vllve q being now shut, and p suddenly opened, the 
steam rushes down the pipe o, and, meeting with a 
jet of cold water from the cock g^ is condensed. A 
vacuum being by this means madq in the receiver, the 
water is forced up by the air's pressure, and again fills 
it, when the valve q is opened, and the elasticity of 
the steam again, raises the water into the reservoir c, 
through B — the condensed steam is allowed to fall 

• Repertory of Arts, vol. XV. First Series. 

t Transactions of American Philosophical Society, vol. I. p. 209, 

. M 
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into th^ well or box x, and it is pumped into the 
boUer. The other parts of this machine will be ■ 
easily understood from inspection. In the engraving, 
the cock q is shewn as shut ; it should have been. . 
represented as open. 

The project of Dr. Rob-son in 1759, to apply the 
Steam Engine to move carriages, was accomplished 
in 1802 by Messrs. Vivian and Trevithicb; and in 
carrying the speculation into practice, they produceda 
Steam Engine of pie-eminent merit and ingenuity. 
The principle of moving a piston by the elasticity of 
steam against the pressure only of the atmosphere, 
was described by Leupold, but in his apparatus it 
acted only on one side of the piston. In Trevithick 
and Vivian's engine, the piston is not only raised 
but depressed by the elasticity of the steam; and 
although other modes of admitting the vapour may 
be employed, they gave the preference to Leupold's* 
fourway-cock. Mr. Watt too had an idea of im- 
pelling the piston on both sides by steam against 

" The following curious speculation is given in the Epitome 
of Nat. Phil, page 3S!2: " The construction of the high-pressure 
Engine is so nearly allied to those of Savery aud Papin, that it 
requires but a very small extent of inventive genius to convert 
either of these, and particularly the last with a cylindrical steam 
vessel, into sucli a machine— for we have only to suppose the 
tirevlar piece of uvod, already mentioned asjloating on the wafer in ■ 
Chat vessel, to be a steam-tight pisiun, equipped viith a piston rod ' 
pa*smgtothe outside of the vessel, and lAe engine iiiiU l>e formed ! for ' 
tie force that was then described to be acting to depress the 
■aiaier, mil now depress that piston, the power of which may be 
transferred to any other purpose." This is very plausible ; but i 
Playfair has shrewdly observed in his memoir of Watt, that 
" any person who now seea with what facility the engines are 
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the atmosphere, and this was included in one of I 

his patents ; but it is equally certain that he nercr ■ 

carried it into practice. Although, therefore, the in- 
genious Cornwall engineers do not claim the merit of 
inventing the high-pressure engine, yet for the beaii- 
tiful simplicity, great portability, admirable selection 
of forms, and ingenuity in the arrangement, they 
are entitled to all praise; and their apparatus may be 
classed with Savery's, Newcomen's, and Watt's, as 
forming an era in the history of the mechanism. 

The immediate object of Messrs. Trcvithick and 
Vivian was the production of a portable mechanism 
to be applied to carriages, and so far they succeeded ; 
but their engines are equally well adapted to every 
use to which those of Mr. Watt are at present exclu- 
sively applied, and with the most ordinary precaution 
they can he made as safe from accident as those called 
in centra-distinction low-pressure ; indeed, notwith- 
standing their recent invention, the consequent want 
of experience in their management, and the operation 
of vulgar and absurd prejudices against their safety, 
they may now be considered the only formidable 
rivals to the condensing Engine.* 

iDanaged, and tlie perfection wiih wliidi they aie made, might 
feel a ilifficulty in conceiving the difficulties tliat good workmen 
oncl men of genius found in managing the machine, and making 
it perfi)(m well even after- it was invented— hut this proves the 
trilth of the old proverb, that practice makes perfect." What 
could be a more obvious step than the addition of a separate 
condensing vessel to prevent the cylinder from being cooled by 
the cold water thrown into it ; yet this was the greatest and 
first of Mr, Watt's improvements. 

• Unequa! contraction and expansion an- very often occfi- 
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The experiment of moving carriages was successful, 
and in 1804 one of these locomotive Engines was in 
use at a mine at Merthy r Tydvil, in Sonth Wales, 
and drew as many carriages as contained about ten 
tons and a half of iron, travelling at the rate of five 
miles and a half an hour, for a distance of nine miles, 
without any additional water being required during, 
the time of its journey — its cylinder was eight inches 
diameter, and the piston had a four feet stroke. The 
same engine, employed to raise water, worked a pump 
of eighteen inches and a half diameter and four feet 
and a half stroke, raising it twenty-eiglit feet high, 
and made eighteeu strokes in a minute ; it used eighty 
pounds weight of coal an hour, and in the same time 
it raised 15,873,160 pounds weight of water one foot; 
high ; tlie pressure being sixty-five pounds on eaclij 
square inch of the piston. ) 

We have said that Trevithick's Engine is the. 
most compact, it is also the simplest in its operation. 
Steam is admitted from the boiler under a pistoa. 
moving in a cylinder, which impels it upward; when 
it has reached this limit, the communication be- 
tween the piston and under-side of the piston is, 

Gioned in the side of caal-irna boilers, when In accion, by 
cold u-aler falling on their surface. This might form a fractur^i 
which, although not probably apparent at the moment, would; 
yield to steani of an increased elasticity. Carefully covering iha 
surface of the boiler by some body of a low conducting power,, 
would not only be economical in point of heal, but expe-. 
diem and necessary with regard to safety. We have witnessed 
on a small scale, this effect prorluced by the quick affusion oft- 
small quantity of cold water, about 40°, on the side of a small 
boiler containing steam of about %SQ. 
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shut off, and the steam which has raised the piston 
is allowed to escape into the atmosphere ; a passage 
is opened between the boiler and the upper side of 
the piston, which is then pressed downwards; and 
the steam is again allowed to escape into the at- 
mosphere. From this it is obvious that its power will 
be equal to the difference between the pressure of 
the atmosphere and the elasticity of the steam. The 
Fortieth Figure will explain the operation of 
Trevithick and Vivian's apparatus; the parts are, 
however, to be considered, as placed to explain 
their operation in the clearest manner, rather 
than in the situation iq which they are usually 
fixed in practice, a, is the steam cylinder ; &, the 
piston ; and <r, its rod. The pipe d^ e^ cx)nnects the 
top and bottom ; c, admits steam from the boiler ; &, 
conveys the steam after it has moved the piston into 
the ehimbey. Ar, a fourway-cock, which is moved by 
a lever acted on by the rise and fall of the piston-rod ; 
/, the boiler in which the cylinder is placed, and 
the fireplace made within it, as in some other engines. 
If the steam above the water is of sufficient tem- 
perature, the cock is turned into the position shewn 
in the Figure. A communication, it will be apparent, 
is now open between the upper side of the steam 
piston and the steam in the boiler, and between the 
under side of the steam piston and the chimney, or 
the atmosphere. The steam, however, is capable of a 
temperature considerably above that required merely 
to balance the piston, or about fourteen and a half 
pounds to each square inch ; it would, as used in these 
engines, generally balance four or five times that 
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soinewbat different manner, by Mr. Arthur Woolfe, 
in 1804. He had ascertained from experiment, 
that steam of an elasticity greater than that of the 
atmosphere, was capable of expanding itself as many 
times as its pressure was above that of the atmo- 
sphere in pound weights, aud still be equal to balance 
the air's pressure. If, for example, one cubic foot of 
steam were heated so as to balance three pounds per- 
inch on the safety-valve, it would expand itself into 
three cubic feet of steam, and still be equal to the 
pressure of the atmosphere. Steam of four pounds 
per inch (about 220^ degrees of tctaiperature) would 
expand into a space of four cubit feet, and still be 
equal to balance the atmospheric column. 
At6 pounds per square inch about 227^*11 would fill 5 cubic feet. 
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Availing himself of this fact, he proposed an engine 
similar in its details to Sir. Watt's condensing Kn- 
gine, but with a second cylinder like Dr. Falck's and 
Hornblowers. These cylinders were to be propor- 
tioned to each other, and to the elasticity of the steam 
which was to be introduced into them :^the first cy- 
linder, for instance, was made to contain two or three 
cubic feet of steam at four pounds per inch ; the second 
cylinder was made (if it worked with a condenser) to 
contain twelve cubic feet of steam, and so on. The- 
arrangement of the parts differed nothing from that 
which we have described as constrncted from Horn- 
blower, except in using steam of a much higher tern- 
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perature. In practice, however, it has l)een found that 
the best proportion between the cylinders is to allow 
of an expansion of from six to nine times — the 
rate of expansion as stated by Mr. Woolfe ; above 
nine times being considered (at present) somewhat 
problematical. 

The boiler used by Mr. Woolfe is similar in its 
principle to that which we have shewn attached to 
Blakey's Engine: he introduces the water into a col- 
lection of pipes, placed in a furnace, and connects them 
with a cylindrical vessel of a larger diameter, which is 
attached by the pipe to the steam cylinder. Water is 
forced into this larger vessel by a pump. The whole 
arrangement of the fireplace and boiler is exceedingly 
favourable for procuring the greatest possible quantity 
of heat from the fuel : and the precautions he has 
taken to avoid accidents, as far as we can judge from 
our experience, render their use as safe as those on 
Mr. Watt's construction. As we are not aware of 
any direct experiments having been made on a com- 
mon condensing engine and one with two cylinders 
in the same working trim, using the same fuel, 
and under the same circumstances in every other 
respect, it would be premature to give an opinion 
on the merits of the two arrangements. But it 
appears from published accounts of the average per- 
formance of several of tlie Cornwall engines, that a 
considerable saving of fuel arises from using the second 
t^Jinder. The variation, however, of these averages of 
the work of the same engines, would lead to the^sup- 
position of the existence of some sources of loss of ef- 
fect, totally independent of the adoption of two cylin- 
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ders, or of the use of one cylinder. In one average of 
the performance of eight condensing engines, the work 
is stated as equal to fifteen and three quarters millions 
of pounds raised a foot high with one bushe! of coals ; 
with greater care on the part of the engine-men, in 
another year the average was raised somewhat more 
than twenty millions of pounds the same height with 
the same quantity of coals. In tlie same engine the 
average for three months rose from twenty-two to 
twenty-nine and a quarter and thirty-two millions. 
The average performance of Woolfe's is stated at 
from forty-four to fifty-one millions,— in one instance 
nearly fifty-seven millions! 

The Thirtieth Figure represents the two cylin- 
ders used by Mr. Woolfe: the lever-beam, mode 
of opening the cocks, and other details, present 
nothing novel from other engines. 

The small cylinder a, is connected at top and bot- 
tom with the large cylinder b ; the top of the one 
communicating with the bottom of the other by a 
pipe. The top and bottom of the large cylinder 
also communicate by the pipe Y, with the condenser: 
the pipe c, conducts steam from the boiler into 
the small cylinder — both are cbsed at top and* bot- 
tom. The pistons work through stuffing boxes, and 
the precautions taken in the common condensing en- 
gine to keep the cylinders as hot as the steam that 
enters them, are observed in this engine; and the 
manner of condensing the steam and freeing the 
cylinder ft-om the injection water and air, is the 
same as in the common engines. We will suppose 
the pistons to have made a stroke, and that 
they arc ut the top of their cylinders : in 
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case the communication between the bottom of the 
small cylinder and the top of the large one is open; 
the bottom of the laige cylinder will also be open to , 
tile condenser, and the steam has liberty to flow from 
tlie bnler on the top of the smaller piston : the elas* 
tic force of the steam above this piston pressing it 
downwards, while the steam beneath^ being allowed 
to flow into the larger cylinder by its expansive force, 
vfSl impel its pisloii into the vacuum made under 
it. By shutting all these codes, and opening those 
which connect the bottom of the small cylinder and 
the boiler, and the top with the bottom of the large 
cylinder, while the passage from the condenser is 
open to the upper side of the larger piston the mo^ 
tion will be reversed,* 

Mr. Homblower's second steam^ wheel acts on the 
same principle with one he had constructed a few. years 
before^ but is much simpler in its arrangement. It 
has a rotatory motion within itself by the action of 
four revolving pistonsw The pistons are four vanes like 
those of a smoke jack, but of iron of some considemUe 
thickness, sufficient to fatvti a^ groove to hold some 
stuffing for the purpose c^f being tight in their action. 
They are mounted on an arbour, whiclt has a hollow^ 
nave in the middle ; the tails^ of the vanes are inserted^ 
into this nave^ and each opposite vane is affected alike 
by having a steady connexion with each other ; so, 
should the angle of one of the vanes be altered, 
the opposite one will be sdtered too: and they ane i^ot 
set in the same plane, but at right angles^ to each 

* See Repertory of Arts ibr I8Q^» and Philosophical Maga- 
zine for the same year. , 
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Other. If we conceive these vanes to be held in 
a vertical position, like the sails of a windmill, when 
one vane is flatly opposed to the wind, the opposite 
vane will present its edge to it ; and this they are 
constantly doing in their rotation on their common 
nrbour. and the steam acts against the vane on its 
face ill propelling it into action for about the quarter 
of a circle, or 90°, in the box wherein it acts, and 
then it instantly turns its edge to the steam, while 
at the same time another vane lias entered the 
working part of the box, and the rotation proceeds 
without interruption. 

The Forty-ftrst Figure is a horizontal section of 
the engine, a, the outside box or casing; h, c, two 
of the vanes, c, in the position of presenting its whole 
surface to the steam, and h, its edge; d, the naves 
in which the vanes are connected; o, the arbour. 
Figure B, is a vertical section of this steam-wheel, 
and the same letters in both Figures refer to the 
same parts. The nave in the middle shews how the 
vanes are connected; the other pair being joined in the 
same manner, will have liberty to turn a quarter round 
witliout obstruction by the crooked part of the com- 
municating axis, s, is the steam pipe. The exhaust- 
ing pipe or condenser, and discharging pump, may 
be attached to the apparatus in the usual manner.* 

• Hornblower, in Greg. Mecliaiiics, vol. II. [i. .'J87. 

" Is there not some ground to fear that in this contrivance, 
besides the force lost by the action of the steam upon the edges 
of the vanes, there will be a considerable loss arising from the 
greater friction attending its operations than those of a common 
Steam Engine/ In this aleam-wheel there will be a great quan- 
tity of rough surface (that of the stufiing) exposed to frequent 
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THE STEAM ENGINE. 17«1 

At the banning of this century not more tlun 
^^ fimr engines of any importance " were at work in 
tiie whole continent of America : of these one sup- 
plied New York with water, another gave motion 
to a saw-mill, and the other two belonged to tho cor- 
pocation of Philadelphia.^ 

In 1804 Mr. William Lushington introduced one 
of Mr. Watt's eqgines into the colony of Trinidadi 
and we believe that the expense of its work was citi* 
mated at about one third only of the same quantity 
of labour performed by the cattlc-niills commonly 
used in the colony .f 

An ingenious combination of Bavery'M and J^lpir^il 
apparatus was proposed in 1805, by Mr. Jatnt'ii lUm» 
of Glasgow. The Forty-second Figure nhowii mm 
of his arrangements^ by which watiff i'M$t Ut rti\mi 
without condensing the steam, a, in th^ ntMum uy- 
Under; i, the pipe from the bcnler^ liavitig a ftU^P(^4fek \ 
k, a waste steam cock ; e, a floatirig jiinUm Hiisd^^mi 
to a piston-rod. k a pipe wbii^i gifiMrratly ^y/MUiiiMi 
hot water;/ water pipe, having a vulv^' M ^ Ulh 
mersed in the well^ and diMferiuff tb^ M^Hi^r ihi/t iU^ 
reservmr o, through a valve, z^ Tim m wbM^ ti4^m 

contact, and ctrnt^^fptem ttt^t^Attt^A V/ f$^ m*^ifHJi H^hm ^h*^ f^^i*^ 
parts. Bendes, m tkt mmlM y}$fH it4^ W^ *4 f^^ *ff*^k4 wHh 
regard to tW mt pt k m it 44 iAm mt^^tmH^^ m4 s^^M^'H ^/^/^ 
▼ariatioDf of ii i y» tfej mtaf^ #fc^w (k^^^^KM ^^^ ^-o^^mi^ #>/fl^/ 
be ibiiiid diffieidt to luiai:^ ^ <vr4i^ U*/(^ 1/(1 Ih hntf^HIl '\\^ 
wpedGcaoam k f n m tad nt U$itfi^ m 4^ H^t^ft^f^^/f *f *ff A/^# 
* HmariaA Mtmmut *4hum$$ fjt^f^, ^ M 

ri«^ 1>^ir |g^ M**6^ ^^f^ /^-Wl" WVM '^//<» 



i 



174 A DESCRIPTIVE HISTORY OF 

miUates in the receiver escapes at n; 0, tlie raised 
water cistern ; d, rarifying or exhausting vessel. 

The whole heing filled with mercury and water, 
shut the air-valve *, and open i ; the steam from the 
boiler will rush into the receiver, and, after heating 
the water, it presses on its surface, forcing the mer- 
cury up into the exhausting vessel d, where it is 
shewn in the engraving by a darker shade. The 
water above c, and in the pipes e, f, wUl be 
forced up into the cistern v, in 3 quantity nearly 
equal to the space occupied by the steam in the 
receiver. When the piston has been depressed as 
far as is necessary for its stroke, the self-acting me- 
chanism attached to its rod, shuts i, and opens k ; 
and the mercury now being at liberty to act by its 
gravity, descends from the exhausting pipe, and 
raises the piston to its first position ; and the steam 
which pressed it downwards being now allowed to flow 
into the atmosphere, the fall of the mercury from 
d, into a, leaves a vacuum in d, into which the water 
from the well is pressed by the atmosphere, and 
again fills it. The valve at g, prevents its return to 
the well in tlie operation of forcing ; and the valve Z, 
prevents its fall from the cistern when the vacuum is 
made in d.* 

The rotative Engine (the Forty-third Figure,) 
constructed by Mr. Andrew Flint, consists of two 
concentric cylinders or drums, placed at a certain 
distance from each other. To the inner cylinder 
is fixed a piston p, moving and made steam-tight 
in the space x, between the cylinders; and it is 

" Repertory of Arts, vol. VIII. p. 322. St'cond Series. 
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attached to two hollow a^es y^ z. The iAper cylin- 
d^ is divided in its height into two chambers, 
e^ f\ haying two openings g^ K h Ar, are two 
valves, which are moved alternately by levers acted on 
on the outside from the revolution of a spanner or 
l^ver attached to the hollow axle, one being always 
open wh^ the other is ^hut. 

The valve i, in the plan, being shut, and k open, and 
the piston in the situation shewn in the Figure, the 
steam issues through h, and impels the piston towards 
k; the air which may be in the space on the other 
side of the piston, escaping through ^, into the cham- 
ber J^, which communicates with the condenser. 
When the piston has passed valve A:, it is shut ; the 
steam will then be confined to the space between it 
and the piston, and will continue to impel the piston 
forward ; the air still escaping as before on the other 
side of the piston through the movable aperture gf 
sp that the quantity of steam impdling the piston 
can never be more than half the contents of the 
channel of revolution ; it is then admitted into the 
vacuum made on the other side of the piston, and 
drawn off by the condenser. The idea is ingenious ; 
but the friction must be enormous. Mr. Robert 
WiUcox-s Kngine,*^ differs from Mr* Flint's only 
in the mode of placing the cocks, and the position 
of the pipes from the boiler wd condenser. 

In his rotative Engine, Mr. Mead, in place of the 
cylinders substitutes shells, or a circular ring in which 
the pistons move ; and instead of making the apertures 
for the admission Qi steam, and its exit to the con- 

♦ 18016. 
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denser, revolve with tbc two pistous, he makes them 
in a part of the tixed case, and the passage of the 
piston over them in each revolution is accomplished 
by the momentum of a fly. 

Mr. Richard Witty has published a description of 
two engines moved by steam, the second being an 
improvement on hisi first. His scheme is peculiar : " he 
combines the reciprocating rectilinear motion with 
the rotative in snch a manner, that the steam cyhn- 
dcrs with pistons moving in them in a rectilineal di- 
rection, do at the same time turn round on a ho- 
rizontal axle, and partly form a fly-wheel."* The 
second patent describes that the further improvement 
consists in " making the piston draw or force the 
machinery to be worked by it, whilst itself moves 
both in a rectili near and rotatory direction in a 
cylinder or steam vessel, which also revolves on its 
axis placed in any position, f 

The first Steam-boat in America was launched 
at New York in October 1807, and began to ply 
between that city and Albany. :|: 

Mr. Samuel Clegg's rotative piston makes a com- 
plete revolution in a channel at a distance from the 
centre of motion. The details are very diflferent from 
those of any that have been described, and much more 
likely to succeed in practice. On this principle Mr. 
Clcgg constructed several engines of a good size ; and 
he informs us that he found them to answer all the 
ends he intended, by their introduction ; tfaey took 

■ Repertory of Arts, vol. XVII. p. 130. Second Series. 

t Idem, vol. XX. p. QoS. 

; Buchanan on Steam-boars, p, 7. 
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up very little room, made no noise, and could be ma- 
nufactured at about half the price of condensing 
engines. 

In the Forty-fourth Figure the bottom plate of 
this machine (supposed to be turned up) is made 
perfectly smooth and flat. A series of blocks are 
pbced in a groove concentric to the outer rim of 
the plate ; these blocks are of considerable weight, 
and occupy the entire circular ( groove excepting 
the space d\ which is fitted with adjusting springs 
and screws to keep the series of blocks close to- 
gether ; the sides which apply to each other are 
ground plain, so as to make them fit, and be as 
nearly steam-tight as possible ; the under surfaces 
are also made flat, and the whole series forms one 
flat horizontal surface, except the space <r, which 
has the screws, and these are sunk so far as to allow 
a flat bar to pass clear over them, i, is the axis 
which communicates motion to the machinery. Jl 
is a bar, to which the revolving steam piston is at- 
tached, having a small wheel g, fixed upon it. The 
movable blocks are enclosed on their two sides 
and top by an iron box'^, rf, in which they slide 
upward and downward. The piston moves round 
in a semicircular channel or chamber, having a valve 
or flap at n, and the steani is admitted at v. The 
segments are described as being perfectly flat on their 
under-side, but in fact a part of their under-surface is 
fermed with* a small curve, which appears from the 
shading on the Figure a. 

When the piston is placed as in the Figure, and 
steam introduced between it and the. valve or door at n^ 
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it will recede from the pressure, and be carried round; 
and the air which is in the chamber, on the opposite 
side of the piston, will be pressed out through the aper- 
tures X, X, into the atmosphere, or into a condenser. 
During tlie progress of the piston, the segments 
being ill fair bearing on the Hat rim, of the piston 
chamber, will keep the space into which the steam is 
admitted steam-tight. The roller attached to the 
bar or piston rod, (being made to precede it) presses 
upon the under-side of each segment in its revolution 
and raises it just sufficient to let the thin bar 
(about ^ths of an inch thick for the largest engiue), 
or piston rod, slide between its under surface and 
that of the plate or rim. The weight of each 
segment, after the bar has passed under it, makes 
it again fall into its place; or another roller may be 
made to follow the piston and depress the block into 
its situation. The passage of the bar under each 
block ifi completed before any communication can 
possibly be made between the external air and 
the front of the piston. When the steam piston 
arrives at the valve or door, which hangs from the 
flat plate covering tlie chamber, and moves only in 
one direction, the piston presses it up into a recess, 
and passes it. The valve, admitting steam to the 
piston, being also at this moment shut, the piston is 
carried beyond the position of the hanging valve by 
the momentum of a fly wheel. When it has moved 
BO much forward as to allow the valve to fall, the 
steam is again admitted between the valve and the 
piston, which makes another revolution. The steam 
which has propelled the piston being now in com- 
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munication with the atmosphere by the apertures z^ 
escapes into it. The flat face to which the blocks 
are ground, is about three inches broad, with a 
groove near the centre, to introduce any kind of 
idastic packing; but Mr. Cle^ found this packing 
fms not required. In his experimental machine the 
sliafts give motion to the air pump steam-valve 
in the usual manner. 

Mr, Cl^g estimated that a piston of an engine 
equal to the power of ^ twenty horsest . will move 
through a circumference of twenty feet ; each block 
for an engine of this size will weigh about twenty 
prands, and will not be required to be raised more 
tbinhalf an inch or five-eighths of an inoh, to allow 
diabar of the largest engine to pass. From the pres« 
sue upon a piston being, equal to 4000 pounds weight 
moved twenty feet, is to be deducted the raising of 
th^ae blocks, weighing 500 pounds, five-eighths of an 
Uioh ; and this, Mr. Clegg calculates, will be the power 
of his engine: but, wer^^ we to treble the estimated 
resistance, it would still be a very great performance.* 

The external appearance of the apparatus proposed 
by Hr. Turner in 1816, as a rotative engine, very 
mu^ resembles that by Mr. Mead ; and the general 
armngement of the parts and manner, of action is also 
similar to that gentleman s; but on, the. whole the 
ooechanical tact of Mr. Tumer^ is greatly superior to 
that of his rival, and we shall be more minute in our 
description of his appavatui^. . ^ 

1. ■••'•. 

* Observations on his Engine. Repert. of Arts, Vol. XV. 
p. 325. Second Series. 

■ ■ ■ ■ N ' 2 
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The steam -piston, w, (in the Forty-fifth Figure,) 
moves in a circular channel or ring, and is firmly 
attached to the upright axle, /, which communicates 
the motion to the machinery by means of wheels 
and pinions. The construction of the two valves 
which divide the piston-chamher is shewn by 
the Figures, and will be sufficiently understood 
from inspection. The machinery which moves the 
sliders or valves, a, b, and that whicli opens and 
shuts the valves for the admission and exit of the 
steam, are connected, and "act in concert:" so 
that, as soon as the piston tc, has ])assed the slider or 
valve, it shall be lowered into its seat, and the 
instant after the piston has passed by the opening 
for admitting steam, its valve shall be opened to ad- 
mit of steam being introduced between it and the 
piston. The edge of the centre-plate g, to which 
the pistons are attached, must be made to move tight 
between the upper and lower valves which compose 
the cylinder, so as to prevent the escape of steam 
Wtween thera ; and at the same time that it may re- 
volve freely, its outer edge has a kind of projecting 
ring, n, o, in the upper figure, are the two steam- 
valves in the bottom of the circular passage; which 
have been described as being opened and shut by a 
mechanism which opens and shuts the sliders, m is 
an iron box, into which steam is admitted from the 
boiler ; two pipes, c, d, proceed from it into the cylin- 
der, and other two, g, r, from it to the condenser. The 
bar or lever moving on the pivot p, has a box or cup 
at each end, capable of covering the openings of two of 
these pipes at onc« : one from the boiler and the other 
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to the condenser being placed ateach end^and the &ce$ 
of the boxes are ground to fit close to the face of the 
steam-chest. When the lever moves up or down, it 
opens one of the pipes into the piston- chamber, and 
shuts that situated under it from communicating with 
the condenser. The box at the other end of the 
lever covers the passage for the steam, and opens a 
communication between the other side of the piston- 
chamber and the condenser. When the piston is in 
the situation shewn in the Figure, the slider a is 
shut (and the opposite slider is drawn up), or in the 
position shewn in the upper figure ; and steam is ad- 
mitted between it and . the piston by the opening 
communicating with that marked with the letter 
z, in the under figure. It is then impelled towards 
&, and the air or steam being drawn oS by the con- 
denser through 7% a vacuum is formed on the. other 
side. When the piston has reached 6, the slider is 
drawn up, and as it passes onwards h is lowered; 
and the piston being carried beyond and over the 
opening <r, the box in the steam-chest shuts oS its 
communication with the pipe leading to the con- 
denser, and opens it to the steam- chest : at the same 
instant reversing the openings on the other side ; by 
which steam is shut oflTfrom o, and its communication 
is effected with the condenser. A vacuum is now 
made on the side of the piston opposite Wt when the 
elasticity of the steam introduced from a?, between 6 
and <r, carries it forward. After it has passed the 
valve a, it is again lowered, and h is opened ; at the 
same time steam issues between a and w^ and o is 
again connected with the condenser: which produces 
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a vacuum on one side, and a pressure on the other, 
giving a rotatory motion.* 

Amouton's idea of producing a rotatory motion by 
the pressure of a column of water placed on one side 
of a wheel, was made the basis of a most iugenious 
mechanism by Mr. William Onions in 1811. The 
steam was introduced into the axis of the wheel, 
and allowed to flow by the radiating arms into cham- 
bers formed in the circumference. A vacuum being 
alternately formed in these chambers, water was 
allowed to rise by the atmospheric pressure, which 
by its gravity produced a rotatory motion. Many 
of the details in this engine are excellent ; but as a 
whole, it was considered to be too complex for its in- 
genious inventor to entertain very sanguine hopes 
of introducing it into practice. 

The first attempt on any scale worthy of notice at 
navigation by steam in Britain, was made about this 
period on the River Clyde. A boat of about forty 
feet keel and ten and a half feet beam, having a 
Steam Engine of three-horse power, began to ply on 
the Clyde as a passage-boat between the city of Glas- 
gow and Greenock in 1812f; but owing to the novelty 
and apparent danger of the conveyance, the number 
of passengers was so veiy small, that the projectors 
for some time hardly cleared their expenses! 

The introduction of the Steam Engine into Peru 
arose from a series of incidents which have almost 
the air of romance. We have described the High 

* Repertory of Arts, Vol. XXXVU. p. JGO. Secornl Series, 
t Buchanan on ^leam Boats, [). 7. 
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Pressure Engine of Mr. Richard Trevithick, for 
which he obtained a patent in 1802. In order to 
give a better idea of the arrangement and operation 
of his engine^ he had constructed a w(H:king model, 
which was so highly finished that it had found its 
way to London as a cabinet curiosity. 

About the same period M. Fran9ois Uvill^ had 
found in Peru some of the richest mines faUing into 
^cay, or totally drowned, from the impossibility of 
draining them by manual labour; and learning also 
that these mines were considered to be richer in silver 
ore than those of Mexico, he conceived the idea of 
introducing the Steam Engine as a substitute for 
animal power, to accomplish their draining. M. 
Uvill^ came to London in 1811 ; but, among those 
vfhose opinions he asked, he met with no encourage- 
ment to pursue his plan, on account of the inefficacy 
of 6team in an atmosphere so rare as that in which 
the Peruvian mines are situated among the Cor- 
dilleras, as well as the seeming impracticability of 
ccmveying the parts of those large engines which 
would be required, over mountains inaccessible to any 
species of wheel-carriage. 

About to leave England in despair of ever being 
able to accomplish his grand project, and passing by 
a street leading from Fitzroy-square, he accidentally 
saw a model of a Steam Engine exposed for sale in 
the shop of a Mr. Roland. He examined it with, 
great attention, and, being struck with the simplicity 
and excellence of its principle and construction, he 
became its purchaser at a price of twenty guineas — 
this was the Trevithick model. 
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M . UtIU^ felt he now had in his hands the meaHi^ 
either, of carrying forward his gigantic sdbeme— or of 
setting the fever of his mind at rest, by demonstrating 
the impossibility of achieving his project by the me- 
dium of the Steam Engine. He carried the model 
to Lima, and lost no time in trying its effects on the 
highiest ridges of Pasco, which form the site of the 
mines : to his unspeakable joy the experiment siicoeed- 
ed to his most sanguine wish, and to that of some 
others who witnessed it And in July 1812, he 
formed an association with Don Pedro Abadia and 
Don Jose Arismendi, opulent' merchants of Liima» 
fur the purpose of contracting with the proprietors of 
the flooded mines. The Marquis de Concordia, tiiea 
Viceroy "of Lima, highly approving the plan ; und^ 
his protection the new Company succeeded in getting 
contracts to work several of the principal mines for the 
pajrment of about a fourth part of the produce which 
they might bring to the sur£Eu:e. These contracts 
were made in August 1812 ; and in pursuance of his 
scheme, M. Uvilld again embarked for Europe, and 
reaching Jamaica, he took his passage for Falmouth. 
M. Uvill6's mind was too full of the flattering expecta- 
tions which his scheme inspired, not to be making 
frequent inquiries among his fellow passengers about 
mines and engines. One day conversing with a Mr. 
Teague, and expressing an anxious wish to find out, 
if possible, the author of the model he had carried 
to Lima, he was most agreeably surprised to hear Mr. 
Teague reply, " Mr. Trevithick is my near relative, 
and within B few houre after our arrival at Falmouth 
I can bring you together." It happened accord- 
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ingly ; and M. Uvill^ resided several months at Cam- 
borne with Captain Trevithick; receiving during Ins 
stay instructions from that able man in mining and 
the management and construction of machinery. 
Accompanied by Captain Trevithick, he visited other 
mifiing districts ; and being introduced to Messrs. 
Bolton and Watt, the first steam-engineers in the 
universe, he explained to these gentlemen the moun- 
tainous precipices to be surmounted, and the great 
elevation of the mines above the level of the sea. 
But whether the objection of these gentlemen to en- 
gage in a speculation in which there was much uncer- 
tainty of carrying it forward with eflFect, either from 
the disturbed political state of Peru, or the difficulty 
c£ transporting the parts, or the great elevation of the 
situation being adverse to a favourable employment 
of condensing engines, does not appear; but their 
opinion was unfavourable to M. Uvill^'s project. 

Captain Trevithick and his friend were not, how- 
ever, to be discouraged from making the attempt ; 
and in January 1814 the Captain entered into an 
engagement with M. Uvilld to provide nine engines, 
at a cost of about tea thousand pounds ; which by 
very great exertions were shipped, with the permission 
of the British government, from Portsmouth in the 
September following, accompanied by M. Uvill^ and 
three Cornish men to direct the erection of the ma- 
chinery. On arriving safely at Lima, they were 
welcomed by a royal salute and public rejoicings. 
But after they had got so far so great were the 
local obstacles in transporting the heavy masses across 
the mountains, that it was not till the middle of 
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18i6 that they were able to set one of tbe engines 
to work. This was the first ever seen in South 
America, and excited intense curiosity. Great cere- 
mony, it appears, was observtMl on this important 
occasion ; and the most distinguished honours were 
conferred on the projectors by the Vice-Rcgal govern- 
ment. The official deputation appointed to superin- 
tend this new and very extraordinary operation, made 
a report to the Viceroy, which was published in the 
Lima Gazette in August 1816. " Immense and in- 
cessant labours," say the reporters, "and boundless 
expense have conquered difficulties hitherto deemed 
insuperable ; and we have, vrith unlimited admiration, 
witnessed the erection and astonishing operation of the 
first Steam Engine. It is established in the royal 
mineral territory of Taiiricocha in the province of 
Tarma; and we have had the felicity of seeing the 
drain of the first shaft in the Santa Hosa mine, in 
the noble district of Pasco. W^e are ambitious of 
transmitting to posterity," they continue, "the de- 
tails of an undertaking of such prodigious magni- 
tude, from which we anticipate a torrent of silver 
that shall fill surrounding nations with astonish- 
ment." 

They then go on to name a number of individuals 
on whom " the eternal gratitude of all Spaniards is 
invoked;" and it is somewhat remarkable that the 
only Englishman mentioned by name in this list of 
worthies is lilr. Bull* 

• Mr. 'William Bull, of Chasewater, Cornwall, who was one of 
the three Cornislimeii that accompanied M. Uville : Thomas 
Trevarthen, orCrgwan, ami Henry Vivian, of Camborne, were 
(he other two. M 
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While these operations were going on in Pera, Cap* 
Uim Treritiiick in England was vigoifously engaged in 
pmviding fiirther supplies of Steam Engines, eon* 
stanietii^ cmning apparatus for die Peruvian mint, and 
in ocmsfamctinfi: fiihiaces finr purifying the silver ore hy 
faum : a prefect of incalclMe^^ee from the 
inen^ong scarcity of quickaUver. This se<ioiid 
sufypfy was sent from England in October 1816, isnd 
arrived at Lima in the February following. Cap- 
tain Trevithick went out in this vessel. On his^ 
arrilr^ he was immediately presented to the Vice- 
roy, and most ^adously received, and his arrivd 
officially announced in.th6 Lima Gazette. Pubtic 
noliee was at the same time given in this of the com-^ 
pletion of the secmid engine, said to be superior in 
power and beauty to the &:st ; and also of the re* 
ception <^Mme parcels of ore of extraordinary ridi* 
aess, raised £rom the mines restored to use by the 
operation of these machines. The Gazette also an^ 
nottnees the arrival of the other engines ; " but that," 
it continues, '* which is of still greater importance 
is the arrival of Don Ricardo Trevithick, an 
emmesBt' professor ^f mechanics, machinery, and mi- 
neridc^, inventor and constructor of the engines of 
the last patent, and who directed in England the 
execution of the machinery now at work in Pasco<» 
This professor, with the assistance of workmen who 
aecocajpany him, can construct as many engines as 
shall be wanted in Peru without the necessity of 
sending to Europe for any part of these vast ma- 
chines. The excellent character of Don Ricardo, 
and his ardent desires to promote the interests of 



188 A DESCHIPTIVE HISTORY UF 

Peru, recomraeiid him to the highest degree of pub- 
lic estimation, and make us hope that his arrival m 
this kingdom will form the epoch of its prosperity 
through the enjoyment of its internal riches, which 
could not be realized without such assistance ; or if 
the British government had not permitted the ex- 
portation from England ; an object hitherto deemed 
unattainable by all who know how jealous that na- 
tion is of all her superior inventions in the arts or 
industry." 

So much importance was attached to Don Ricardo 
Tre\'ithick"s personal superintendence, that the Vice- 
roy ordered the Lord Warden of the Mines to 
escort him with a guard of honour to the miuing 
district, where the news of his arrival in Peru caused 
the greatest rejoicings ; and many of the chief men 
came to Lima, a distance of many days' journey over 
the mountains, to welcome him. M. Uville had 
written to his associates " that Heaven had sent him 
out for the prosperity of the mines, and that the 
Lord Warden had proposed to erect his statue in 
jnassy silver^ 

In this narrative of romantic incidents it should 
not be forgotten that Don Ricardo is now superin- 
tending the royal mint of Peru ; and so strong are 
the liopes of the success of his operations, that he has 
had orders to augment the ])owers of the coining 
machinery sixfold. The latest accounts, according to 
Mr, Boase, lei't Don Ricardo in the enjoyment of in- 
creasing distinction, and a 6attering prospect of great 
wealth. In addition to his emoluments as patentee 
and engineer, he has the fifth part or share in the 
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Company, which, at a moderate estimate, 
amounts to one hundred thousand pounds a^year."^ 

Sir Wm* Congreve's wheel is similar to that 
which, we have described as suggested by Mr. Watt. 
His apparatus may oe explained as resembling a 
water-wheel moving in water. The steam entering 
into the boxes at the lower, portion of its circumfer- 
ence, by its superior elasticity it raises them to the sur- 
face, and produces a continuous motion round an axis. 
No description, however, of this scheme is published. 

Since his retirement from active life in 1800, 
'Mr. Wattt continued to reside at Heathfield near 
Birmingham, and had the rare felicity of feeling that 
the detraction and envy of some of his contempo^ 
raries had long disappeared in the homage paid by 
his countrymen to his virtue and genius, and of seeing 
the introduction of his inventions into every manufac- 
ture, and to note the prodigious extension which by 
this means was given to English commerce ; he lived 
tovntness the triumph of his country, and to hear his 

• Geological Transactions of Cornwall, vol. I. page 222. 
t Of a man whose discoveries and inventions reflect so much 
honour on the age in which he lived, and have produced such 
wonderful effects in the condition of the couritry, it may be 
^ considered as interesting to learn something of his attainments 
as a mechanic, and habits as a man of business : — '* His mind jbas 
been compared to an encyclopedia, that, open it at which part 
you will, some fact was stated, some truth illustrated, or some 
analogy traced '* with the energy and comprehension of a master- 
mind. His knowledge was, however, of the useful kind, and, un- 
like many of his plodding and common- place contemporaries, he 
valued knowledge for itself not for the mariner in which it was 
imparted. He had no relish for what was called abstruse mecha- 
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inventious estimated as being mainly instrumental 
in the formation of that national strength and influ- 
ence which led to the glorious consummation. Reve- 
renced by his family and friends for the benevolence 
and warmth of his affection, full of years, this vene- 
rable man closed a life illustrious from its usefulness, 
on the 33d of August, 1819, more from a decay of 
nature than any particular disorder. 



nical (liscusaion ; and on theoretic deduction he never placed any 
dependence. In this he resemhted Smcaton ; every thing wat 
done by a sort of feeling or tact, as if the knowledge had been 
born with him. In his opinions he never vrent either before or 
beyond the direct inference wliich could be drawn from an expe- 
riment ; but so great was his sagacity, that few bearings of that 
experiment were omitted or overlooked. Not the least extra- 
ordinary part of his character was his indifference to the study 
of mechanics as a science : few men ever read more on (general 
topics, and less on this — the knowledge of which of all others we 
might consider to have been essentia) to the proper dcvelope- 
menCof his conceptions ; and he neve( was at any period of his 
life a " scientific " man, in the present absurd acceptation of the 
term. It has been said that he never resolved an algebraic 
equation in his life, — like Ferguson, he got at the truih by 
geometrical methods ; and at one period of his life it was his 
favourite amusement to represent by geometrical figures, various 
tables which he had sometimes occasion to consult in directing 
the proportions of Ins engines. These, it is said, gave his pupil 
Playfair the idea of his ingenious system of Linear Arithmetic. 
We have already given his own account of the origin of his in- 
vention being totally independent of any idea furnished by Dr. 
Black, and in illustration we might notice the exquisite me- 
chanism of the parallel motion. On being asked whether he 
could trace its invention to any previous chain of reasoning, 
he replied in the negative; adding, with his delightful can- 
dour, " that lie wss surprised himself at the perfection of its 
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His name fortunately needs no commemoration 
of ours, for he that bore it survived to see it crowned 
with undisputed and unenvied honours ; and many 
generations will probably pass away before it shall 
'have gathered all its fame. We have said that Mr. 
Watt was the great improver of the Steam Engine; 
but in truth, as to all that is admirable in its struc- 
ture, or vast in its utility, he should rather be de- 

action ; and in looking at it for the first ti^ne, he had all the 
plei»iire of novelty which could have arisen had it been in- 
VMiteid byanother person." Indeed he was accustomed to con- 
sider those inventions which had carried his name to every cor- 
ner of the world, as thoughts so obviolis as must have occurred 
to thoosands of others before His time, and that he alone was 
more fortunate than they, only in being the first who had put 
diehi io the test of experiment. His inventions, if he valued them 
lightly, occurred without efibrt. ^* Whether he had ever been 
a dexterous operative mechanic we have now no means ofleam- 
ing, but he certainly never attempted to assist in making models, 
or putting i|ny of his own plans into execution after he came to 
England, whatever he might have done at an earlier period of 
hfs life. He employed most of his time in drawing or writing 
letters, "but-very little of it in superintending the operations that 
were going on. This probably arose from his feeling that he 
thought and contrived to the best purpose when his mind was 
left entirely to itself; though, on the other hand, it had the dis- 
advantage that much more time was taken in realizing his ideas 
d&an otherwise wpuld have been. The house in which he lived, 
n«ar Birmndgham, was two miles from Soho, where all the work 
was carried on : to this he seldom went above once a week 
to see what was doing, and when he did go there he seldom 
stidd half an hour. As for Mr. Bolton he never took any part 
(about 1786) in the manufacturing of the engines ; his time being 
completely occupied in arrangements for obtaining the confi-^ 
deuce and approbation of the public, and in providing the means 
of «xt0ndii|ig the use of the engine." Memoir by Play fair. 
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«^bed as its inventor. It was by bis invention that 
its action was so regulated as to make it capable of 
bdog applied to the' finest and most delicate manu» 
fiusturesy and its power so encreased as to set weight . 
and solidity at defiance. By his admirable ^oonr 
trivances, it has become a thing alike stupendous for 
its force and its flexibility ; for the prodigious powers 
which it can exert, and the ease and precision and 
ductility with which they can be varied, distributed, 
and applied. The trunk of an elephant that can 
pick up a pin or rend an oak, is nothing to it : it can 
engrave a seal, and crush masses of obdurate metal 
like wax before it; draws out without breaking a 
thread as fine as a gossamer, and lift a ship of war 
like a bauble in the air. It can embroider muslui, 
forge anchors, cut steel into ribands, . and impel 
loaded vessels against the fury of the winds and 
waves. 

It would be difficult to estimate the value of the 
benefits which these inventions have conferred upon 
the country. There is no branch of industry that 
has not been indebted to them, and in all the most 
material, they have not oniy widened most magnifi- 
cently the field of its exertions ; but multiplied a 
thousand fold the amount of its productions. It is 
our improved Steam Engine that has fought the 
battles of Europe, and exalted and sustained through 
the^ late tremendous contest, the political greatness 
of our land. It is the same great power which now 
enables us to pay the interest of our debt, and to 
maintain the arduous struggle in which we are still 
engaged, against the skill and capital of all other 
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countries. But these are poor and narrow views of 
its importance. It has increased indefinitely the 
.mass of human comforts and enjoyments, and ren- 
dered cheap and accessible, all over the world, the 
materials of wealth and prosperity. It has armed 
the feeble hand of man, in short, with a power to 
which no limits can be assigned, completed the do- 
minion of mind over matter, and laid a sure foun- 
dation for all those future miracles of mechanic 
power.whichareto aid and reward the labour of after- 
generations. It is to the genius of one man too, 
that all this is mainly owing, and certainly no man 
ever before bestowed such a gift on his kind : the 
blessing is not only universal, but unbounded; and 
the fabled inventors of the plough and the loom, who 
were deified by the erring gratitude of their rude 
Contemporaries, conferred les-s important benefits on 
mankind, than the inventor of our present Steam 
Engine. 

This will be the fame of Watt with future gene- 
rations, and it is sufficient for his race and country; 
but to those to whom he more immediately belonged, 
who lived in his society and enjoyed his conversation, 
it is not perhaps the character in which lie will be 
most frequently recalled, most deeply lamented, or 
even most highly admired. 

No man could be more social in his spirit, leaa 
assuming or fastidious in his manners, or more kind 
and indulgent towards all who approached him ; his 
talk, though overflowing with information, was full 
of colloquial spirit and pleasure. He had a certain 
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quiet and grave humour, which ran through most of 
his conversation, and a vein of temperate jocularity, 
which gave infinite zest and effect to the condensed 
and inexhaustible information which formed its 
main staple and characteristic. His voice w'as deep 
and powerful, though he commonly spoke in a low and 
somewhat monotonous tone, which harmonized ad- 
mirably with the weight and brevity of his observa- -t 
tions, and set off to the greatest advantage the pleasant 
anecdotes, which he delivered with the same grave 
brow and the same calm smile playing soberly ou his 
lips. He had in his character the utmost abhorrence 
for all sorts of forwardness, parade, and pretensions, 
and indeed, never failed to put such impostors out of 
countenance, by the manly plainness and honest in- 
trepidity of his language and deportment. In his 
temper and disposition he was not only kind and 
affectionate, but generous and considerate of the 
feelings of all around him, and gave tbe most liberal 
assistance and encouragement to all young persons 
who showed any indications of talent, or applied to 
him for patronage or advice. His health, which was 
delicate from his youth upwards, seemed to become 
firmer as he advanced in years ; and he possessed up 
to the last moment of his existence, not only the full 
command of his extraordinary intellect, but all the 
alacrity of spirit, and the social gaiety which had 
illuminated his happiest days. 

His happy and useful life came at last to a gentle 
close. He had suffered some inconvenience through 
the summer, but was not seriously indisposed till 
within a few weeks from his death. He thou became 
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perfectly aware of the event which was approaching ; 
and with his usual tranquillity and benevolence of 
nature, seemed only anxious to point out to the 
friends around him, the many sources of consolation 
which were atFordedj by the circumstances under 
which it was about to take place. He expressed his 
sincere gratitude to Providence for the length of days 
vnth which he had been blessed, and his exemption 
from most of the infirmities of age, as well as for the 
calm and cheerful evening of life, that he had been 
permitted to enjoy after the honourable labours of the 
day had been concluded. And thus, full of years and 
honour, in all calmness and tranquillity, he yielded 
up his soul without a pang or a struggle, and passed 
from the bosom of his family to that of his God." * 

Mr. Job Rider's rotatory Engine for which he 
obtained a patent in 1820, operates by the elasticity 
of steam (acting against a vacuum,) on a series of 
valves placed on an axis which communicates the 
rotatory motion, in a manner similar to Cookcs 
and Cartwright's. But Mr. Rider's valves (and 
these arc the objectionable parts of all the others) 
are constructed in a very ingenious manner, and the 
apparatus may be considered to be more practical than 
any of those we have noticed as being constructed 
on this principle. In Ireland Mr, Rider has erected 
some engines of large dimension, and has worked 
them for that length of time which enables him to 
speak with certainty of the effect of his machine. 
As it might be considered a needless addition to 
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the size and expense of this book to figure and de- 
scribe an apparatus which has been ^ven in the 
'Mechanic's Blagazine/ a book in the hands of every 
mechanic, we refer to the 6rBt volume of that me- 
ritorious periodical for ample details, and a good 
engraving of Mr. Rider's invention. 

In Mr. Moore's scheme, the rotatory motion is pro- 
duced by the revohition of a wheel, with floats or 
vaues on its circumference, moving on hinges, a, is 
the wheel, having projections or boxes in its circum- 
ference for the reception of the valves or "propellers" 
d, d, d, d. This wheel and valves move in a fixed 
cylinder, inclosed at the ends so as to form the space 
between the moveable drum, and tlie fixed case, air 
and steam tight. Angular pieces x, x, are fixed to 
the outer case and sides, and make a fiaced steam-tight 
division of the circumference. Steam is admitted by 
the pipes h, e, e, fiom the boiler, and the pipes g, f, 
communicate with the condenser. The valves d, 
move on an axis, and are opened and shut by levers 
attached to it on the outside. In the position of the 
wheel shewn in the engraving, steam is entering from 
the boiler through /( aXe,c; the valves are shut; and the 
communication being open between the spaces shewn 
with adark shade and the condenser, the steam presses 
the pistons or valves forward in that direction. When 
they arrive at the angular pieces, which block up the 
communication between the semi-circumferences of 
the wheel, they are moved upon their axes into the 
boxes, as shewn in the Forty-sixth Figure, and are 
cajried forward until they jiass the fixed part at- 
tached to the angular piece.s a?, X, in order to make a 
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steam-tight passage, and, emergiiig at the other side, 
they are again turned to fill up the steam chamber. 
When j»essed on one side by steam from the boiler, 
with a vacuum on the other, a very powerful continu- 
ous motion is generiated. Mr. Moore's idea is a very 
ingenious one ; and, could a mode be suggested of 
limking the inner revolving drum steam-tight, with- 
out so great i^ loss of power as takes place in its 
present form, from the friction of so lar&^e a surface 
as the edges of his revolving cyUnder, it appears 
capable of considerable precision in its action.* 
' The most simple and practical of all the projects 
for producing a rotatory motion by the weight of a 
column of fluid acting on the circumference of 9 
wheel, i& that proposed by^Mr. Thomas Ma3terman 
in 1820.f In principle and arrangement, it is simi- 
.lar to Mr. Onions', but in every thing relative to 
simplicity of construction, convenience 0/ arrange- 
ment, and effective action, it is beyond comparison 
better adapted to practice. 

The Forty-seventh and Forty- eighth Figures 





* Repertory of Arts, vol. XL. page 194. Second Series, 
t De8eripti(m of Masterman's Patent Rotatory Steam Engine, 
London, 1822. 
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are vertical sections of this Steam Wheel, a, b, c, d, 
e,f, are weights at the ends of short levers, which open 
and shut the valves during the revolution of the 
wheel, s, s, is a steam-tight ring, divided into six 
or more cortipartments hy the valves attached to the 
levers. Each of these chambers has a communica- 
tion with a series of perforations surrounding the axis 
of the wheel, by the radiating arms or channels g, ft, 
i, k, I, m. This series of perforations revolves with 
the wheel against a fixed plate, which has three open- 
ings or perforations: one of tiicsc openings, p, leads to 
the condenser ; n, to the boiler ; and x, to the water 
cistern, x, is the axis on which the wheel turns, and 
by which motion is communicated to the other ma- 
chinery. Tlie valves a, h, c, &c. are moveable on 
a joint or hinge, and are connected by a spindle 
workhig steam-tight through the sides of the rim of 
the wheel, and attached to the weights already 
noticed. 

The moveable series of perforations revolving with 
the wheel, are brought in rotation opposite each of 
the three perforations in the fixed plate; and each of 
tlie arms, and chambers in the circumference of the 
wheel, communicates in turn with the condenser, 
water column, and boiler, In the position of the 
wheel shewn in the Figures, the moveable opening 
of arm h, is opposite to the perforation p, which leads 
to the condenser ; arm /, will then communicate 
with the water column by the perforation ?(. When 
steam from the boiler is allowed to flow through p. 
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it will fill that part of the circumference between h, 
and g, which by its elasticity will prevent the water 
&oni rising on the side in which it is admitted; but 
it will (if made of greater elasticity) have a tendency 
to force the water upwards on the other side, from the 
valves being made to open in that direction only. . 
The pi|)e h, communicating with the condenser, the 
column of water on the circumference of the wheel» 
being relieved from the pressure of the atmosphere, 
will rise to a height corresponding to the tempera- 
ture of the condenser ; this gives a preponderance 
to that side of the wheel, wliich brings other arms 
into the same position, so that a continuous motion 
round the axis x, is generated. , 

In this modification of the principle the mov- 
ing power is derived from the gravity of the 
water; but although the column of fluid (whea 
the condenser is used) cannot exceed in height a 
column equal to the atmospheric pressure, its liori- 
zontal section may be made of any dimensions. 
In practice, however, it is recommended by the in- 
ventor not to work it with a less pressure than 
about twenty-eight feet. It is obvious that this 
wheel may be worked by high-pressure steam, by 
merely allowing the pipe which leads from the fixed 
perforation to open into the atmosphere instead of 
opening into the condenser, and the wheel may then 
be made of any diameter; and it is estimated that it 
might be worked in this manner with about half the 
pressure of steam of a reciprocating engine. 

Mr. Masterman states (frora experiment) that his 
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wheel is a great deal cheaper tlian a common con- 
densing lever engine, costs less to work and repfur, 
occupies a smaller space, — possesses a greater facility 
and certainty of being put in motion, besides reali- 
zing a great saving of power from the small friction 
of its parts compared with that on other construc- 
tions. On the last point an experiment is stated 
in which the friction of a wheel fifteen feet in 
diameter, and weighing about three tons, waa kept 
in motion by a pressure of three-eighths of a 
pound per square inch of horizontal section of the 
water in the ring, " ascertained by a glass mercury 
gauge attached to the steam-pipe;" and as the valves 
were about '* 78.6 square inches, this was not more 
than 30 pounds on the closed valve.'* This * 
wheel revolved with a speed of 688 feet per minute, 
with a pressure of about three pounds and a half 
per inch ; but a considerable part of this pressure must 
have been occasioned by the confinement or wire- 
drawing of the steam in passing through the radii : 
the most economical speed, however, is about 400 feet 
per minute. 

Were the diameter of the wheel to be about 
twenty-eight feet, the depth of the rim twelve inches, 
with the radiating pipe or aims three and one-eighth 
inches, the whole turning on an axis of six inches in 
diameter, with a column of water equal to ten 
pounds on the inch, and using a condenser, this will 
be a twelve-horse-power engine ; and with a column 
of water equal to ten pounds acting against the atmo- 
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flphere, it will be equal to a power of thirteen horges; 
kit the expenditure of fuel will be greater in pro- 
portion to the effiset, in the ratio of about 150 to 94. 
In comparing the effect of a reciprocating engine 
working with a pressure of seventeen pounds per 
square inch, and leaving only an available power of 
seven pounds, Mr. Masterman obtains an available 
power of eight and one-sixth pounds weight from a 
fsessure of thirteen and a half pounds, so that the 
effbct from the same quantity of coal will be 
about 150 for the rotatory engine and 95 for the 
common condensing engine. We have been thus 
ttiinute in otir account of this apparatus, from the 
wish to excite attention among mechanics to the 
mechanism of rotatory ' engines ; should these ever 
be brought into successful competition with reci- 
procating engines, it appears probable that they 
may be constructed on the principle adopted by 
Mr. Onions and by Mr. Masterman. Mr. Mas- 
terman, however, as an individual (keeping the 
merit of his Steam Wheel out of the question) is 
entitled to that approbation which is due to libera- 
lity of feeling and conduct. The ample description 
of his machine with an illustrative engraving, and 
the fair and candid appeal he makes to experiment, 
in the tract he published in 1822, is worthy of 
all praise ; — were this practice more frequent among 
mechanics, especially inventors and patentees, the 
advantages to themselves, and ultimately to the pub- 
lic, would be incalculable. Mystery in any thing is 
bad; and that invention which is not placed in all 
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its details before the public, has not seldom heesa 
so withheld from a latent feeling in the patentee 
either of its want of originality or of its .want o 
merit.* 

From the first invention of the Steam Engine, and 
in all the combinations and forms of the boiler, the 
steam, of whatever elasticity, was always generated in. 
contact with the water. This practice demanded 
vessels of considerable dimension, as the boilers were 
obliged to be proportioned in their capacity to act also 
as reservoirs of steam . Which necessarily limited the 
engineers to the use of vapour of comparatively low 
temperature; for it was next to an impossibility to 
construct a very large vessel of sufficient strength to 

* It may be urged that when a patent is enrolled it is optai 
for public inspection. In one sense it is so. Those who have 
time to spend in a forenoon, and who live in London, (for the 
thing is sealed to all intents and purposes to country mechanics who 
form nine-tenths of the whole number), and who can decjrpher the 
handwriting of a Chancery Record, and who can pay a high fee 
for the privilege of looking at it, may certainly read the spe- 
cification of a patent, and inspect the drawings ; but if, in the 
few hours he is allowed to inspect them, he should be unable to 
understand the drawings or descripdons, and wish to have copies 
of either the one or the other, he must be prepared to pay 
from ten to twenty or thirty guineas for each patent ; if he should 
be, for instance, an inventor of some steam mechanism, and 
before running to the expense of from SCO to 400 pounds in 
law fees to take out a patent, he wishes to know (as all prudent 
men ought) what has already been enrolled in the patent office 
in his particular department, this information in his case, we will 
venture to. say, could not be obtained for less a sum than be- 
tween 1500 or 2000 pounds ! ! ! To the Editors of the Reper- 
tory of Arts, Tilloch's Philosophical Journal, the London Jour- 
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h& safe from the danger of explosion, if centaining 
steam of a great elasticity. It had long heen known, 
also, that water might he raised to a very high tem- 
perature hy preventing the formation pf vapour by 
I^sBure — that it could be even made red hot; the 
difficulty lay in doing this. 

As water can be subjected to almost any assign- 
able pressure by a forcing pump, it occurred to Mr. 
Jacob Perkins, that it might also be heated with 
fadlity under any pressure so produced; it might 
be heated in one vessel, and then be forced from it 
into another, in which it might expand into vapour, 
and be thus.made available to every purpose for which 
steam is applied at present. His contrivance for 
doing this was exceedingly ingenious;, and, in 1823, 

nal of Science and Gill's Technical Repository, and the Monthly 
Magazines which describe some of the inventions for which 
patents are granted, the mechanical world is under the greatest 
obligations. But owing to the enormous 'expense of having 
copies of patents made by the clerks in the patent office, and the 
rigid enforcement of a rule by which persons who may have paid a 
high fee for the inspection of a patent, are prevented from using 
pen, ink, pencil or paper, for the purpose of making a memoran- 
dum even of a date ; these meritorious publications do not contain 
a twentieth part of those patents which a^e periodically granted, 
aild generally those only which are sent to the editors by the more 
liberal patentees themselves. We know of nothing that would 
conifer a greater and more lasting benefit on tlie mechanical 
world, than some legislative enactment, directing that the speci- 
fications and drawings of all patents should be printed at length, 
as soon as they are granted. Until this is done, ho patentee' 
can feel assured that the dOO or 400 pounds he has expended 
inknv^ees are not absolutely throyirn away. 
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after h» had obtained a patent, he exhibited to the 
public a large working model of his invention. 

This experimental apparatus had a boiler made of 
copper about three inches thick, and of a capacity to 
hold eight gallons of water. It was closed at the 
lower end, and at the upper end it had five small 
perforations into which were inserted as many pipes. 
This cylinder was placed vertically in a iiirDace in 
which the fuel was kept in vivid combustion by 
forcing a stream of air through it by bellows. 
Two of the small pipes liad valves placed in 
them, one loaded with a weight equal to thirty- 
five times that of the atmosphere, and the other 
loaded to thirty-seven atmospheres; the boiler was 
quite filled with water, and was heated to be- 
tween 300 and 400 degrees of Fahrenheit. When 
it had acquired this temperature, which was ascer- 
tained by the common means of a gauge placed on 
the boiler, a small quantity of water was forced 
through the pipe, in which was the valve loaded to 
thirty-seven atmospheres: and as water is incom- 
pressible, an equal quantity was forced (by the differ- 
ence of the pressures) through the small pipe, in 
which was placed the valve loaded with a weight 
equal to tliirty-five atmospheres. This valve being 
raised, the water heated to between 300 and 400 
degrees, was admitted into a horizontal chamber, and 
expanded iuto steam of great elasticity. In this 
horizontal chamber or cylinder, Mr. Perkins placed 
a piston, and opened by the usual means a communi- 
cation between both of its sides with the boiler and 
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condenser ; the expansion of the hot water into steam 
on one side of the piston, and the formation of a 
vacuum on the other, alternarely gave a reciprocating 
motion. The steam was condensed under a pressure 
of five atmospheres, and Mr. Perkins estimated the 
power of his apparatus at the difference between 
five and thirty-five atmospheres, or 430 pounds on 
each square inch of the piston. 

Part of the water which was condensed at a tem- 
perature of 350 degrees was pumped back into the 
boiler, as in common engines, and thus saved so 
much of the heat which would otherwise have been 
wasted. 

The safety of this apparatus is iusured by theusual 
contrivances of a steelyard valve, loaded with that 
weight vfhich the boiler has been proved to be able to 
sustain without danger of bursting. The experimen- 
tal boiler Mr. Perkins considered to be equal to resist 
an internal pressure of four thousand pounds on the 
inch, being eight times greater than any strain the 
safety valves would admit its being subjected to. As 
an additional security he also revived the mode of 
making a safety valve, by connecting with the boiler a 
pipe of metal of that strength which would resist a 
pressure of a certain intensity, and burst when that 
force exceeded a certain limit; and he tried the efficacy 
of this scheme, by increasing the pressure of the water 
until the pipe gave way. A good engraving of the 
apparatus, and a very minute detail, are ^ven in the 
third and sixth numbers of that useful miscellany 
the Mechanic's Magazine, to which we refer those 
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readers Tvho maythink our explanation requires gra- 
phic illustration. 

We have stated tliat Sir. Perkins' boiler con- 
tained eight gallons, and that it was three inches 
thick ; his cylinder was two inches in diameter and 
eighteen inches long, and the piston made a stroke 
of twelve inches : this was estimated as equal in effect 
to a Watt-Engine of ten-horse power, with an ex- 
pense of only two busheh of coals per diem. The 
machine and its appendages stood in an area of forty- 
, eight feet ; and with the exception of the cylinder and 
its piston, the apparatus was considered in strength 
and dimension as sufficient for an engine of three 
times the power. 

Mr. Perkins has suggested the application of his 
invention to the boilers of engines of every construc- 
tion, by the mere removal or disuse of their furnaces. 
He attaches his patent boiler to any common boiler; 
and the water which is heated under a great pressure 
instead of being forced into the piston cylinder, is 
forced into the water which is contained in the com- 
mon boiler, and heats it to any degree suited to the 
nature or trim of the engine. By this mode he cal- 
culates that as much steam, having a pressure of four 
pounds to the inch, will be produced from one bushel 
of coals, as from nine by the common method. 

From our description it will be seen that, pro- 
perly speaking, Mr. Perkins has made no improve- 
ment on the Steam Erigine; for his experimen- 
tal model was the same in all its details with the 
Watt-Engine ; neitlier is using steam of a prodi 
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elasticity at all a novelty in steam apparatus. The 
fact also of water being capable of having its tem- 
perature raised under prei^sure, had been long kdown ; 
but the method of heating the water subjected to 
this pressure, and the simple and effective manner 
of producing and continuing it, may possibly yet 
rank among the most important inventions of the 
time. 

What effect the adoption of Mr. Perkins' boiler 
may have in diminishing the expenditure of fuel, 
remains yet to be decided by experiments on the 
great scale. A moiety of the saving announced as 
being made by this invention, would be of immense 
national benefit. Could a saving of even a fourth 
part bf the fuel be achieved by its use, we 
should consider this ingenious man neither to have 
laboured in vain for his interest, nor for his reputa- 
tion. V 

How far the use of steam of such high tempera- 
ture, by adding to the portability of the apparatus, 
will facilitate its extension to purposes in which 
itS' use at present is either doubtful or inexpedient, 
is considered to be abundantly obvious. Judging 
from the rapid strides the Steam Engine has made 
during the last forty-years, to become a universal 
first mover, and from the experience which has 
arisen from that extension ; we feel convinced that 
every invention which diminishes its size, without 
impairing its power, brings it a step nearer to the 
assistance, of the "world's great labourers," — the 
husbandman and peasant, for whom as yet it per- 
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forms but little. At present it is made occasionally 
to tread out the com; — What honours await not 
that man who may yet direct its mighty power to 
plough, to sow, to harrow, and to reap ? 
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Thofiiaa Safety, London. 

Rusing H^tdr by iht elasticity of 
steam — Formiog racnum by con- 
densing steam, to raise water by 
pressure of atmosphere. 

1705. 

Thomas Newcomeni J4>hii Caw- 
ley, l)artmout}iy and Thomas 
Savery, Londoii. 

Condensing the steam introduced un- 
4er a piston, Snd prodiNjiJig a re- 
ciprocating motioci by attaching it 
to a lever. 
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Jonathan Hulls, Lohdon. 
Steam-bout. 

175d. 

Janoei Brmdley^ Lancaehife. 

BoUsr^ 

1766. 

JohB Blakey^ London. 

ImproTenMnt on Samy. 

1769. 
James Watt, Glasgow. 
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oil and Sallow instead of-witer^ 
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— Moving piston by steam agunst 
a vacuum — SteaBA-#heel. 

1769. 

John Stewart, London. 
Rotative firom rsctiliosal motton. 

1772. 
J. Chrytel, London. 
Constmctioii of furnace. 

I77d. 

Matthew Washbi^ugh, Bristol. 

Rotative from rectUilteal OMtldt. 

im. 

John Steeds Lancashire. 
Crank movement. 

Jonatban H<hrnbto#dkri Penryn. 

James Watt, Birmingham. 

Expansive engitae—^Six contrivances 
for refii^ting &K>tion •*- D^ble 
impulse engine — Two cylinders-^ 
Toothed rack aAd lector to pis- 
ton rod and beam-~Semi-rotatlve 
enfiSe-i^Sfeettei-irheH. 
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1784. 
James Watt, Birmingham. 

RotatlTe engine— Thrae parallel mo- 
tions — Portable Bteamenginey and 
machinenr for moTing wheel car- 
riages — Mode of working ham- 
men and stampers — Improved 
hand gear — Mode of opening 
ralres. 

1785. 
James Watt, Binningham. 
Famace for consuming smoke. 

1789. 

Thomas Burgess, London. 

A rotative firom vibrating motion. 

1790. 

Bramah and Dickinson. 

Rotative engine. 

1791. 

James Sadler, Oxford. 

Rotative engine. 

1798. 

Francis Thomson, London. 
Two cylinders. 

1794. 
Robert Street, London. 

" Inflammable vapour force, by 
means of liqoid air and fire, for 
communicating moUon"—- Tur- 
pentine foiling on a hot iron, Uie 
vapour being exploded raises a 
piston placedin a cylinder. 

1796. 

Valentine Close, Hanley, 
Saving foel. 

John Pepper, Newcastle. 
Saving fuel. 



John Strong, Bingham. 
Valves. 

Francis Lloyd, Woolstanton. 
Furnace. 

William Batley, Manchester. 
*' Mode of woridDg." 

1797. 

Edmond Cartwright, Middle- 
sex. 

Condensing engine — ^Kston — ^Rota- 
tory engine. 

John Grover, Chesham. 
Boiler and furnace. 

1798. 

Thomas Rowntree, London. 
Famace and boiler. 

Jonathan Homhlower, Penryn. 
Rotative engine. 

William Rayley, Newbald, 
York. 

'* Philosophical furnace and boiler, 
with an actuating wheel as an ap- 
pendage.' 
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George Blmidel, London. 
Machine for saving foel. 

John Dickson, Dock-head. 
** Method of constructing.'* 

Francisco Rapozo, Lisbon. 
Grinder and valves. 

9m 

G. Quieroz, London. 
Cylinder— Boiler. 

1798. 
Robert Delap, Banville. 

Economical boiler. 
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John Wilkinson, Castlehead. 
Boiler— Saying fael. 

Marquis de Cbabannes. 
ImproviDg fuel. 

Matthew Murray, Leeds. 

Boiler — Damper — Horizontal cy- 
linder. 

A. G. Eckhardt, London. 

Saying fuel. 

W. Murdock, Redruth. 
Cylinder— Valyes — Rotative engine. 

James Bums, Glasgow. 
Saying fuel— Furnace. 

James Bishop^ Connecticut. 
Rotatiye engine. 

Samuel Rehe, London. 

*' Machine for transmitting force of 
tiny fluid." 

Rev. T. Cooke, London. 

'< Carbo frugalist^an effectual niode 
of applying fire to caldronic. im- 
plementR.*' 

1800. 

Peter Devey, London. 

Improved fuel. 

Phineas Crowther, Newcastle. 
Crank motion. 

John and James Roberton, 
Glai|gow. 

Furnace for consnming amoke— Ap- 
plication of steam. 

1801. 

EdmondCartwright, Middlesex 

Portable eog^ae — Regulating ye- 
locity. 

P 



Richard Wilcox, Bristol. 
Engine and Furnace. 

William Hase, Saxthorpe. 
Cylinder — Boiler. 

James Anderson, Mounie. 

Saying fuel* 

Matthew Murray, Leeds. 

Air pump— Packing stuffings— Valyes 
—Parallel motion. 

Timothy Bramah, Pimlico. 
Valye. 

Earl of Stanhope, London. 
Saying fuel. 

George Medhurst, London. 
Circular into rectilinear motion. 

George Stratton, London. 
Saying fuel. 

James Glazebrook, Colebrooke 
Dale. 

''Working machines by means of 
properties of air-'* 



Robert Young, Bath. 
Saying fuel. 

William Symington, Kinnaird. 

Engine for steam-boat — Rotatory 
motion without a leyer or beam. 

1802. 

James Sharpies, Bath. 

** Mechapical powers applicable to 
steam-engine." 
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Thomas Parkinson,' London. 

Conyeying fluids. 
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Richard Trevithick and Alex- 
ander Vivian, Cornwall. 

High pressure engine. 

Bryan Higgins, London. 
Saying fuel. 

Matthew Murray, Leeds. 
Portable engine. 

Thomas Martin, Brentwood. 

*• Applying fire by means of certain 
machinery to heating." 

Thomas Saint, Bristol. 
Boiler and furnace. 

Joseph Lewis, Brimscomhe. 
Furnace. 

Matthew Billingsley, London. 
Boring cylinders. 

Richard Wilcox, Bristol. 
Furnace— Boiler — ^Air pump. 

1808. 

John Leach, Merton Ahhey. 
Improvements in boiler. 

Arthur Woolfe, London. 
Boiler of tubes. 

Edward Stephen, Dublin. 
Saving fuel. 

Bryan Donkin, Dartford. 

Rotatory engine. 

John Edwards, London. 
Saving fuel. 

William Freemantle, London. 
Cyliadar— Valves— Parallel motion 
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1804. 

Richard Wilcox, Bristol. 
Furnace and boiler. 

James Barret, Saffron Walden. 
Saving fuel. 

Arthur Woolfe, London. 

Two cylinders and high pressure 
steam boiler. 

1805. 

James Rider, Belfast. 
Cylinder — Regulator. 

Charles Coe, London. 
Application of heat. 

Jonathan Homblower, Penryn. 
Steam wheel. 

William Elarle, Liverpool. 
« Working and constructing." 

John Stevens, London. 
Boiler. 

Alexander Brodie, London. 
Boiler and furnace. 

James M*Naughton, London. 
Saving fuel 

James Boaz, Glasgow. 
Improvement on Savery. 

Arthur Woolfe, London. 
Cylinder<«-Piston. 

Ralph Dodd, London. 
Saving fiiel. 

William Deverell, BlackwaU. 
Fumaee and boiler. 
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Samael Miller, London. 
Certain improremeut8> 

John Trotter, London. 
Stean wheel. 

Andrew Flint, London. 
Steam wheel. 

1806. 
William Lester, London. 
Rotatorj motion or engine.' 



T. Bourne, W. Chambers, and 
C. Gould, Warwick. 

Roasting meat by power of steam. 

Ralph Dodd, London. 
Simplification of machinery. 

John Lamb, New York. 
Application of heat. 

R. Wilcox, London. 
Rotative engine* 

Josias Robbins, Liverpool. 
Furnace. 

William Nicholson, London. 
Application of steam. 

Samuel Miller, London.* 

Saving fuel. 

1807. 

Allan Pollock, Glasgow. 

SaWag fuel. 

Henry Maudsleyj London. 
Portable engine. 

Ralph Dodd, London. 
EconoMy of beat. 



James Bradley, London. 
Iron for fiu-oace bars. 

1808. 
Thomas Mead, Hull. 
Steam wheel. 

Thomas Price, Bilston. 
Application of steam. 

James Linaker, Portsmouth. 
Steam boat. 

Thomas Smith, Bilston. 

" Certain improyements on steam 
engine." 

J. Cowden and J. Partridge, 
London. 

Saving of fuel. 

Thomas Preston, London. 
Construction of furnace. 

1809. 

James Grellier, Aldborough- 
Hatch. 

Saying of fuel. 

Mark Noble, Battersea. 
New invented steam enginieu 

John Murray and Adam An- 
derson, Edinburgh. 

Application of heat. 

W. C. English, Twickenham. 
Saving fiiel. 

Edward Lane, Stoke-on-Trent. 
Improved rotative engine. 

John F. Feaenmeyer, London. 

** Constructing and Working.*^ 
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J. F. Archbold, London. 
Application of beat. 

William Johnson, Blackheath. 
Heating flaids. 

Nugent Booker, Lime Hill, 
Dublin. 

SaTing fuel. 

Richard Scantlebury, Redruth. 
'< Certain improvements." 

Samuel Clegg, Manchester. 
Steam wheeL 

1810. 

David Cock, London. 
Heating fluidg. 

Arthur Woolfe^ London. 

Constructing— Working^^Saying 
fuel. 

William Docksey, Bristol. 
Application of beat. 

William Clerk, Edinburgh. 
Regulation of beat. 

William Chapman, Newcastle. 
Steam wbeel. 

Richard Witty, Hull. 
'< Making'-Arranging — Combining." 

John Justice, Dundee. 
Application of heat. 

Stedman Adam, Connecticut. 
** Certain improvemeDts.' 



t> 



John Craigie, Quebeck. 
Saving fuel. 



1811. 

Joseph Miers, London. 

Saving fuel. 

Richard Wkty, Hull. 
Additions to former patent. 

Charles Broderip, London. 

*< Certain improvements in con- 
struction." 

Michael Logan, Rotherhithe. 
" Generation of fire." 

William Good, London. 
Valves. 

John Trotter, London. 

Improvements in application of 
steam. 

George Gilpin, Sheffield. 
Application of steam. 

Henry James, Birmingham. 
Steam boat. 

Thomas Deakin, London. 
Saving fuel. 

1812. 

John Sutherland, Liverpool. 

Boiler and evaporating vessels. 

Henry Osborn, Bordesley. 
Manufacture of cylinders. 

R. W. Fox and Joel Lean, 
Falmouth. 

Certain improvements —Additional 
apparatus. 

Henry Higginson, Loil3on. 
Steam boat. 



PATENTS. 



315 



Jeremiah Steele, Liverpool. 
Application of heat. 

William Onions, Paulton. 
Steam wheel. 

1813. 

Robert Dunkin, Penzance. 

Saying fuel. 

William Brunton, Butterly. 
Constructing and erecting engines. 

John Barton, London. 
<( Various improrements." 

John Sutherland, Liverpool. 
Furnace. 

Joseph White, Leeds. 
ImproYements on engines. 

Charles Broderip, London. 
BoUer. 

1814. 

W. A. Noble, London. 
*< Improved steam engine.*' 

John Rastrick, Bridgenorth. 
« Certain improvements." 

R. W. King, London. 
Boiling water. 

Thomas Tudal, York. 
Steam carriages. 

John Slater, Birmingham. 
Boiler. 

R. Dodd — G. Stephenson, 
KilKngwbrdi. 

Steam carriages. 



1815. 

William Losh, Northumberland. 

Furnace. 

H. Houldsworth, Glasgow. 
Discharging condensed water. 

Matthew Billingsley, Bradford* 
** Certain improvements." 

Richard Trevithick, Cambron. 
Piston — Rotative engine. 

William Moult, London. 
Furnace. 

John Cutler, London. 
Supplying fuel. 

W. 8i M. Beaven, Glamorgan. 
Furnace. 

Marquis de Chabannes. 
Saving fuel. 

1816. 

J. T. Dawes, Bromwich. 

Parallel motion. 

G. F. Muntz, Birmingham. 

Destroying smoke — Saving products 
— Furnace. 

Bryan Donkin, Surrey. 
Boiling water. 

Alexander Rogers, Halifax. 
Saving fuel — Setting boilers. 

Philip Taylor, Bromely. 
Applying heat. 

William Stenson, Coleford. 
** Improved engine.' 
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Robert Stirling, Edinburgh. 
Saving fuel. 

QeoTge Bodley, Exeter. 
Certun improvements. 

Joseph Turner, Layton. 
Rotatory engine. 

John Neville, London. 

" New meeni of geoenitiDg and ap- 
plying steam." 

Joseph Gregson, London. 
Supplying fuel. 

William Losh, Newcastle. 
Famace. 

1817. 

W. A. Osborne, Bordesley. 

Boring cylinder. 

George Mainwaring, Lambeth. 
« Improyements in steam engine." 

John Oldham, Dublin. 
Stean>>boato. 

George Stratton, London. 
Saving fuel. 

Moses Poole, London. 
« Certain improvements.** 

1818. 

Lord Cochrane and A. Gal- 
loway. 
Machine for consuming smoke. 

William Moult, London. 
" Certain improvements." 

Alexander Haliburton, Wigan. 

Furnace. 



John Scott, Penge. 
Steam-boats. 

Philip Taylor, Bromely. 
Applying heat 

John Munro, London, and Bar- 
nabas Langton, New York. 
** Certain improvements." 

Joshua Routledge, Bolton-le- 
moor. 

Rotatory engine. 

James Ikin, Christchurch. 
Furnace bars. 

William Church, London. 
Certain improvements. 

William Johnston, London. 
Furnace — Destroying smoke. 

Marquis de Chabannes, 
London* 

Boiler of tubes. 

Jones & Plimley, Birmingham. 
Certain improvements on engine. 

Henry Creighton, Glasgow. 
Regulating admission of steam. 

John Malam, London. 
** Certain improvements." 

Sir W. Congreve, London. 
Steam wheel. 

James Frazer, London. 
Junction of tunnels in boiler. 

Richard Wright, London. 

Construction — Subsequent employ- 
ment of steam. 
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John Seaward, London. 
** Raising steam." 

William Bninton, Birmingham. 
Famace. 

George Killey, Briggen. 

« Improyements in the constmc- 
tion." 

John Pontifex, London. 
Improvement on Savery, 

1820. 

John Oldham, Duhlin. 
Additions to former Patent* 

WiJham Carter, Middlesex. 
" Certain improvements." 

John Barton, London. 
Engines and boilers for steam boats. 

John Hague, London. 

Improvements in making and con- 
structing. 

John Wakefield, Manchester. 
Furnace and mode of feeding fuel. 

William Bninton, Birmingham. 
Furnace. 

Joseph Parkes, Warwick. 
Consuming smoke. 

Job Rider, Belfast. 
Rotatory engine. 

John Moore, Dublin. 
Rotatory engine. 

William Pritchard, Leeds. 
Funaoe. 



1821. 

William Aldersley, Middlesex. 

Certain improvements. 

John Bates, Bradford. 
Feeding furnace. 

Thomas Masterman, London. 
Steam wheel. 

Robert Delap, Belfast. 
Steam wbeel. 

Robert Stein, London. 
Certain improvements. 

Jonathan Dickson, London. 
Transmitting heat. 

Henry Penneck, Penzance. 
Furnace. 

Peter Devy, London. 
Preparing fuel. 

Henry Brown, Derby. 
Furnace —Consuming smoke. 

Philips London, London. 
Furnace. 

Aaron Manby> Horsely. 
Manufacture of engines. 

Thomas Bennet, Bewdley. 
Certain improvements. 

Francis A* Egells, London. 
Improvements in details. 

Sir W. Congreve, London. 
Addition to former patents 
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Charles Broderip, London. 
" In the conttnictuMi." 

Neil Arnot, London. 

Furnace and boiler. 

Julias Griffith, London. 
Steam carriage. 

1822. 

Richard Ormrod, Manchester. 
Boiler. 

John Gladstone, Castle Doug- 
las. 

ConstmcUon of steam vessels. 

Alexander Clark, Leuchars. 
Condenser and boiler- 

Jacob Perkins, London. 

Boiler •» Heating water under a 
great pressure. 

John Bambridge, London — 
Amos Thayer, Albany,United 
States. 

Improyements in rotatory engine." 
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Thomas Leach, London. 
Steam wbeel. 

G. H. Palmer, London. 
Furnace and destroying smoke. 

George Stratton, London. 
Consuming smoke. 

G. Stephenson, Long Benton. 
*' Certain improvements." 

M. J. Brunei, London. 
** Certain improvements." 



John Stanley, Manchester. 

Supplying fuel to furnace. 

T. Binns and J.Binns, London. 
Boiler. 

1823. 

Nathaniel Partridge, Bow- 
bridge. 

Furnace. 

Wm. Johnson, Great Totham. 
Boiler and furnace. 

Thomas Neville, Surrey. 
Boiler and furnace. 

William Jessop, ButterFy. 
Metallic piston. 

Sir Anthony Perrier, Edin- 
burgh. 
Furnace and boiler. 

M. J. Brunei, London. 
« Certain improvements." 

Jacob Perkins, London. 
Boiling and evaporating by steam. 

Thomas Peel, Manchester. 
Rotatory engine. 

Jacob Perkins, London. 
Improvements in boiler. 

James Smith, Droit wich. 
Boiler. 

J. Fisher and J. Horton, West 
Bromwich. 

Boiler. 
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William Jeakesi London. 
Water regulator to boiler. 

Joseph Bower, Leeds. 
Omission of air pomp. 

William Wigston, Derby. 
** Certain improirements.'* 



Robert Higgin, Norwieh. 
I>08tro7ing smoke. 

James Surrey, Battersea. 
Furnace. 

James Cbristie, London. 
Furnace. 
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During the second week of September tvill be piiblislied 

N°- I, 

(Being Ihc Gr^l of a Scries of Publications adapted Tor Meohanict,) 

A NEW AND CORRECTED EDITION of that STANDARD 

CLASSIC-MECHANICAL WORK, 

WRITTEN BY 

WILLIAM EMERSON, 

ENTITLED THE 

PRINCIPLES OF MECHANICS; 

Explaining and (lemon st rating the General Laws of Motion, Ihe IAwb 

of Gravity, Motion of Descending Bodies, Projeelilea, Mechanic 

Fonerx, PendulumK, Centres of Gravity, Strength and Strati 

of Timber, Hydrostatics, aud 

THE COKSXRUCXION OF MACHZZTES. 



Jl/iistraUd with Virce fivTiilirrl and Tu.aity Figuiemud Mttchiaet- 1 



This Work will be printed in tho first style of excellence, ftnd wil 
be published in Weekly Numbem, at Fourijence each. The Eth* 
gravingH will till be copied from Oiiginal Drawings made on purpos* 
for this Edition. 

This work will he edit ct! hy ROBERT STUART, Es^./Ciril 
Engineer, who will also give a MEivtoia of EuKRiiON at tb^ 
conclusion- 

PBtNTKD lOR 

JOHN KNIGHT AND HENRY LACEY, 

LONDON. 




E beautiful W'itk cimUim i t,>oiplpto rIeiL-riptire Histiiry .>r tl 
including a Chn>ni)I.iifw;il List of all tlio P.itenta taken out/ac 
Invention an4 ImpriiremBnt. 
PRICE IN EXTKA BOARDS EIGHT S1IELL1XG3. 



MECHANI CS' M ACAZINE. 

"The Most Valuable Gipt which the Hand of Sctkkck j 

BA9 EVEB VKT OFFERED TO THE AhTIZAW." — Dr. Birkbeck'l: 

liiattguTal Address to the London Mechanic's Inslilution. 
Thb object uf thi« Publicadun U unc of incalculaUe iraparUnce ; iind at tbe ' j 
BiRie time, of entire ouvelty. A nuineroiw and valuable piirtioa of the cor 
louuitj, inuludini; all trhn are Toauially employed in our iJ13^rent Tntdes ai 
Khnii^turM, bad bcrun to Teel strongly tlie want uf a Periodical Worit^ j 
which, at a price auittd lo their humble means, would diffuse ainijng thou i 
better acquaintance trith the history and principles of the Arts the/practaW; 
eoBvcy to tbfliB earlier infurnmtion than tbey hod hitherto been able to prtKiB 
cure, of new DiEroveri«a, tnrentions, and luipruvementii ; and fiirHish abo kfl 
mediuru, through which they eiiuld thcniGelvaB commit tlielr thoughtc aiAM 
tfbiervatioiu to writing;, fur the public beneht. 

To lupplv thin want. The JUechantci' Magazine was commenced ; ti 
imlveKally welcome hai been its rereptiun, that its single circulation already^ 1 
enceeds the aggregate of all the other ecientific PeriodicalB, published in Enp-T 
Uod and ScotlaniL 

The Mtchaniei Magaxine, besides containinfi;' a greater quaatity nf.'^ 
origiaal contributionB on m&tCerE of Art and Science, from practical ment 
than any other publication, supplier its readers regularly irith the etience of' 
all that i« valuable in other Journals, both British and Foreign. 

The Proprietttrs, desirous uf evincing their gratitude fur the extenaiiC' 
support ayd encoura^raeut whicit theyliave receiied, and of contributhiE 
stilT brther to promote among- the worliing classes, a spirit uf ubservatiua ani 
ioiproveinent, have otTered for competition, during the yciir 1S84, Tweln 
different Prtze!<, to Journeymen and Apprentice .Mci^hxiiics, amounting is 
value toupWi»rds of O^iiHttKURiiD Pounds. The Prizes are to be awarded 
I by the following gendeaien, who have undcrtalcen to investigate the cUiim 
JS the competitors : 

Dr. BiaKBBCK, President of the London Mecbanic'n Institution; Pretidmt 
of the MeteondoBjical Society, Sic. 

Dr. OLfNTHiTS Oeegory, Professor of Matiiematics, fn the Rtiyal 
Military Academy, Woolwich. &c. &c. 

John Millinhtow. Esq., Professor of Mechanics, in the Riiynl Institn- 
tiuD ; Vice-President of the London Mechanics Institution. 
For fall I'arlievlars ofthr Prha—Sei Ho. 33. 



The MGCHANiOS' MAGAZINE is published in Numbers, price 3d. euli. 

every Saturday morning, and may be had on the day pf pubUcatioa ii alt 

places within 100 miles of the Metropolis ; also in Monthly Parte, price ll-t 

and in Volumes as completed, price Ss. 

The followinir arc (be suDJects of some uf the principal Articlen in V«I» I'> 

which may now be liiid in Boards, consisting of Four Hutidred atid Siitjr 

Pages, closely printed, with about One Hundred illustrative Gnf ravings}— 

CONTENTS OF VOL. I. OP THE MECHANICS' MAGAZINE. 






MeMoiR OP Jamks IVatt. On 
the Antiquity of the Sfcam Engjuc, 
by Mr. ParlineioH, of the .London 
Institution. Hero, of Alcsaiidria's 
Engine. Description uf l^nca's 
Engine, invented 11129. First 
Steam Boat, invented by Jonatlmn 
Hulla. . Mr. Watt's ijupruvumeuts. 
Blakey'a Engine. Rider's Rotatory 
Engine. Montgery's Engine. Mr. 
Perkins's Esperiuienta (the fullest 



account extant). Comparative saftljr 
of low and high pressure Engine^ ^ 
by M.Dupin. Mode af ascerbunbi|t I 
the power of Steam Engines. Rj "■'*' 
of sailing uf Sterna Vessels. Sto 

Carriages. GahLightino. CuEI 

pa rativu -merits of Oil and Coal G~ 
Family Oil Gas apparatus. Row 

Oils Condenser, TvNNBi.USwfl 

Mr. Brunei's plan for a Tunnel'! 
under the Thames. Hawkins's dittKl 



Johnxiui'H tlitto. Mills and 

Whbklmakinc. Hill Stone Qitaries 



in]!'. Airate Mill v 



of Nieder Mendi . ,. ._ ._ 

Ober»(«in, Floating Mills. Origin 
and histnry tiF Grinding' Mills. Snw 
Mill!. DofMill. TDdiHD Hand Mill. 
Dicben'i VVater Preatitire Engine. 
Improvement in tlie construction of 
■Wheels. SpirnJ fflieels. Howtocalcn- 
lute tile teetb of Wheels. ChainWheel. 
Watgk& Cluck Making. Mcssrit. 
Parkinson and Frudaham'a, nnd H. 
0. Dyar'H, improvBments. Geor^e'g 
Clock WakcDCr and Lighter. Jibb's 
BBchine for shitping Wateh Glasses. 
— CuAnH-MAKiNO. First intro- 
dnction of Coaches into England. 
Sulf-miiving: Carriage. New mode of 
Mcuring' Coach Wheels. IionrDred 
con»truction of Ciirriage Wheels. 
PUn of a New Carriage. Auxiliary 

Carriage Pole. HronAULics, 

Powerful application of the Hj-draulic 
Presi. ScijeanlfE Hydraulic Forcer. 
Hyil^aultc Lx per ge factor. Hydraulic 
St«aui Eng-ine. — — Iioo»s- Mr. 
Goodman's improvement on the Dutch 
Engine Loom. Freneli improvement. 
The Dandy Loom. Cross's subeti- 

tuta for Drawboys. PBitPBTUAL 

Motion. Various plans proponed 
aad discussed. Its impracticability 

demonMrated. Com para Ttvs 

Strbnuth op Animals, Metals, 
Woons, &c. Regnier's Dy nano- 
meter, and Couch's improvement. 

SHtr QiliLniNG. First British 

Man-of-Wai'. Boat for passing: up 
rapids. Boat plied witli Wheels, 
Seppb^s new Alast. Impruveraent 
on Boat fur weighing Anchors. 
Sledge Boat, to rescue people I'roni 
drowning. Sir Humphrey Davy's 
plan for remedying the deSay of 

copper bottmna. Consuming 

SniOKK. Mr. BruQton',8 appnratus. 



Abbiwtation. Ascents of Gay 

liURsac, Stephen and Joseph Mont- ' 
goltier, P. iln Roiier, Blanchard 
and Jeffries, M, Gamerin, Madame 

Gameriu. Cotnino. Lanitnat* 

ing Rollers, employed at Iha Royd 
Mint. BoultoQ's CuttJng-Dut Press. 

SpiTALFiGLns' Acts. Full 

Abstract of the evidence respecting- 
tbem, given boforc the Uoute of 
Lords, with Remarks. Combi- 
nation Laws. Their origin and 
history. Effects on. (he Jonrneymen. 
Elfccta on the Masters. Effects on 

the Country. MfscHAKica' Jn- 

s'HTUTioHS. The London. The 
Gksguw. The Edinburgh. The 
Abenleen. The Leeds, Sic, — Mis- 
CKLLANEUUS, White'spatentPulley, 
Pasley's Bombshell, without fuse. 
King's improved Anvil. Speaking 
Automaton. Bailey's Mowing Ma< 
chine. Harcs's Compound Blowpipe, 
New Dyes, blue, crimson, emerald, 
green. Water-proof BoolsandShoes. 
Plymouth Breakwater. Siupension 
Bridges. Brick-making, Cements. 
Chinese Colours. Christie's Terres- 
trial Globe. Chubb's Detector Lock. 
Cole's Truss. Copying Machine. 
Hares's Deflagrator, or Diamoad- 
making Maeliine. Diving Bell. 
Wliite's double Door Spring. Ec- 
centric Chuck. Filtering Machine. 
French Polish. Herring Fishery. 
Barometer. Simple Hygrometer. 
Ingram's Mensuration. Self-acting 
Pumps. Injprovcment of the cem- 
Uiun Lathe. Instantaneous Light, 
Casting MedaUiuns. Burning Mir- 
r.rs. Potatoe Steamer and Washer. 
Ran gel ey' a patent Roller Pump, 
Safety Lamp. Silk- throwing. The 
S¥]iiion. TeaatidTea-pota. Warm- 
ing Apartments, he. &c. 




Ta Iha ItiduttrioaS Claaei, and to Famiiiei tt» General. 



<a« pBWulilDfc tn Weekit Numben, Prloe Tbreb-p.bncb, and Monthlj P«ti», 
PticeOHBSuiLi.1110, a Nen Work, entided 

THE ECONOMIST, 

AND GENERAL ADVISER; 

EMBELLISHED WJTB SEACTIFTH ENGRAVINGS. 




BEEP.— lllNIJ Qu..rtii. 1, Sit Loin; S, RumiJ; a. Ailcl. B"nc; 4, Bmioili; S, MonHdo.; 
6, TK.iy I'itcti.; 7, IWcfc rtw: a, ii.in rtu,; 9, Lm— i-unii Qu.TiTtB. to. Fore Rib: II. 
KMiHedn.; U.Chncli; 13, ybonUcr, w Li); m Uunau plecci U, Britlcdi U.Cluri; U, Mm*. 
«i SUsUuE pldi -. a, Bbln : IS, Uhcck. 



ADDRESS. 



IN iddlDg ■notbir to Itai iiiii 
spulogy mighl benecavir^, it 
jinjr dvgm or H ilmlLu' hUqrf 
il> plan, ind aJili w Ihli ulv 
in Id (1bI(u, il nlll bt rAuml ii 

Irnlnuiiadi cIuhei. The btnitl 



ible qmillty dT b 



ie btvik1]|£.np 



not by Kii.f. 



i«. Tu i 



rljoH 



lUty ore yei niiaMe In "pjilj H 



tnipemmie— Id poliii oui Ihr ba« uielhadp of lnyigg 

lucv \at uiiaiiHiiE iTiuery allll uLlliniUe nla mllcpdiNt nn -vidiniu prDpetillllei niul 

anM D[ il^ luutlntf obJci& uf Un Ecohohiit. A vrrs larvt oIkb of ibc com- 

■ y : wiuuiiB btiDj; (jnilty <K any tlMlnf 1n>p™prt.ly, 

smiielvMby ilielr .iwninierUDiii. Snih prrivu will 
find ill (»t Hark • mdy method of njiolng ibEir rllfficulils. llDmeailc Scoiininj itiil liki-wiio 
rtceivupintemiir uieutjon. 

A biMnhUrnct af Dur (ilin will, buwnnr, beil ■ 
III XII dlM he ItM} IQ (ilppi any innaillgua wbic 
I— r>Uin«^SiliMe-Au])iii«.— Th!>bnincharmir>Tark,»lllliKiJgdtiHrcclkin. 
II klitdt of piWlriiBH ;— th* turteiil i«iea of Moil, I'uuliry, Kidi, and V.iwsUWt 






It Uluillinj, 1 



(l«E *;irtoM 



ll.—Monlhts DiridkiiufaT Go 
la.— The FaJMls Eriaaniit; a 

IV.— EHrvcflou/irr Ptrtnlt in 



riani for Ihe Bipendllori 



R iif Trades and PrefusiBts fai 
• ttfKUA.ic. Tbia dfpirlniul 



I, ihcwlni Ac ulrisliE'* 



\l.~The Laui if LanHb-rii and TlHa. 
VU.—OilmeitleMTrdiciM.~Va6iraUbti 



1rcn. Tha Rnlpu 



4nnal9 op gulung. 
aIiunrmentn. 

USEFUL RBlEIPTB. 



DirEcUsDi lo n>k< 



BhmI. 

EbifDl Cold Cnuti. 



DaliiblfDl I 
Hull, Vcgai.tiJci, and Frotu In .«■.. 
Muhnl ol iKcrulalDE itw SinuiUi 

Wlna, 
BoUlclloiii npoD Trade. 



The Fanlly BcsHinilil, at PLaoi 

TndiitDH and lu Runcdlu. 
Hint! » tboie wlw winld be Ricli. 
TbE WIT <» nxki Money plenlirDI 

Haifa pock^tbj Dr. FraiiVJin;. 
Vttciable Povrdir, and be ~ ' -■---■-- 



ny, (by Mr. 



m the :Adali 



■d bi Ale.hun 



plbbed I 

ftr,;r.i 

GrenIPccnni«yAii. 



TM. Thn Wbknln. 

Early Riling. 
Sq^iTLoin Bank Bill 



I rnrulnlied rmtn ihe praciice ol 111 
dilc spoil wHt impartial Jiutiac. 

iijo/ a Holiday, and knp ann'a 

In Hnlland lo pre*^( POTgilr- 
n iipm fidflcaucii- 
hn-Mani^Ud BiwUdk Panllry 



CiimiMraUTe NntrMTs Prupenlta af Pood. 

UlnsIlbUUy or rarloui Foolt. 
Adnlicralion nf Bew. 
The Pawphiukcr'i S 

HDii'i^hold GdhIi ai 



Ih Plgni. 



Vim 



imfinjr. 



WorF.laDdPhyi'MlThHil.i.in.lor. 
Uciu, Tqieuble, and Ftnili in 

The pteanute uC miklni a Will. 

HuiiK PalnUng. OiSaUh 
Circaiilin, » CiuiDellc. A bappy 



ApoptalbF[iii>. 



AIm, 

IMPORTANT PAPERS ON THE I DISTILLING— BAKING. 

MARKETS. BREWING— AGRICULTURE. 

MARKETING— DRimKENNESS. | PUBLIC ABUSES. 
GARDENPh'G— COOKERY. SHOPS AND SHOPPING. 

THAVELUNCi— HOUSEKEEPING. HOUSE TAKING. 

MANAGEMENT Of INCOME. | BENEl^'lT SOCIETIES. 



THE PULPIT, 

AN ORIGINAL PUBLICATION, EXCLUSIVELY DEVOTED TO 
THE DIFFUSION OF CHRISTIAN KNOWLEDGE. 



There BOiids the Meuenger of Truth !— ttiete Maodi 

Thff Legate of the skies!— hii theme divine ; 

Hit office ncred, his credeniiala clear ; 

Bv him the violated law speaks out 

111 Ihundenj and bv him, in stiatiu as swesl 

Ai ADgela use, the Goipel whispers peace,— Co«»EB 



FatHBie I., price 6(. in Extra Boards, 

with Porlraili of 
Dn. Rtdeh, Biiuor of GLout^Eim. 
Re*. Dambl Wilson, A.M. 
Rev. Edward Irvinu, A.M. 
Rkv. William J«r. 
Rev. Rii?u.taD Watson. 

Eirh Vnlumei 
upwiinlKureoSi 



r^wru IL, price «a. in Extra Beanli, 
ailh PortraiU o/ 

Ott. HoWLEV. Bishop of Loudo*. 



Rbv. Uavi 
Rev. Rob[ 



tH.\i 



1, D.D- 
L, A.M. 



The PULPIT i! 



Adam Clarke, L.L.D. 

(iFclosely printed Letter-press, includiiig 
by tlie molt eniinenl and populfirPrfiithersufthiniiiy. 
cheap Puhlitntion, exclusively deruteil ti) Religiout 



LiteraturL' and Inteili entice. It is connected with no Party, either . 
Church or nut uf it ; but is an impartial vehitJe of such real infonnatiw 
■nil practical inKtruclion, m msy be equxlly accc^blc to all who aekiiowlcdj>e 
one uoninoa Retleetner. 

The PULPIT comprthendt:^ 
1. Full and aworiite R EPORTS of SERMONS, delivertd in iho Metro- 



II. REVIEW of RELIGIOUS LITERATURE ; Tumi shin g an eaifief 
arcount of new Books connected with Reltginn, than is npplied by any other 
exittini^ Publication. 

m. RELIGIOUS INTELLIGENCE. 

The PULPrr contaiiiB also, Memoirs Hiid AnecdotcH of Eminent Chiu- 
liciiis, — Dying; Hours uf great nnd good Characters, — Sacred Meloiliei;— - 
EiiE.-iya, Preeepis, and Ma.xiBis ; with a great variety of other Miscellaneuuii 
matter, all corcfuily written or nelecteU uith a view tu promote the int«re«ta of 
Rcli^on and Virtue. 

The Weeiily NnmberB, containing Thirty-two columnn, 8vo.,clo«ely printetl, 
price only 'J'wo-pence each, are punlished every TfiunsnAV Morning'. 

The PBrtti, each containing Six Numbers, price One Shilling. 



PUBhISUEn MONTHLY. 
Price Sixpence, or on Fine Paper, iritti Prnuf PlatcK, prire One Shiilrnf^j 

ARLISS'S 

POCKET MAGAZINE, 

NElf^ SERIES ; 
U Printed by Abliss, with a New Tvpb, irbI expressly for the pnrpom. 

N". I., fi»r Jrn", coulaing the First of a Series of Six Hhnlr.ilione to 
MooRBHlmsiiMiiLKDrEs, dcsifnffii Fiy Richard Westai.l, Esq., R.A., 
and engraved on Steel by an eminent Artint. Each Number cunlaini Sixty 
pugcK of letterpreaa, and a heaiitiliii Enifraving ; also tli«e bekntiful Woad 
Cut Eubcllisliments, engraved in the first style uf the art. 



'Pabiishtd every Satvrday Murniny, price Threepence, uni*. i««H. 
price One Shilling each. Embellished ■with, numemw 
Engravingi, and beaTiiifidly printed. 




la l8mo. Price 3i. 6d. 



VILLAGE DOCTOR; 

OR, 

The Art of Curing Diseases rmdered Fatmliar and Easy : 

WTTll 

SBX.IICT KSCEZFTS 

FROM 
THE PBACncE OF THE MOST EMINENT PBACTmoNEas, tu. 



Dr. Saiinden. 
Sir ll«nry H^-ird. 
Dr. Biibiij^un, 



Dr. J.i(tlnm> 
Dr. Ciirrie, 
&c. &c. &c. 



Compitwl fiir Duniniljc Cuni'pnicncc, and ntlaptc'l fur the Ifsp of (r<Hilitr;r 
Cta^ymeQ ; for (!oitdiiutnr» of Litr^ E«U)>iishiucCLte unil SeininartPs ,' for 
I'ureata Hnd Hea<l« uf PiUHiliei ; nnil fit cvprf £liun, rri>ru the Palitce W tlK 
Cotta^ ; xnd fur 0«ue»i| (Jtility nrid Benefit. 

By JOHN SCOrr, M.D. 



/a IZnio., price Fwr Ski^gt, Extra BmrrU, 
THE 

LICENSED VICTUALLERS' COMPANION, 
PUBtlCAHS' airxDE; 

Containing a variety uf impurtaiit mutter, rclntive to thU rGE)mlnb)eCUM 
of Society— the Character tliej si^p port — tie hawb which affent ih«iu in th^r 
active ctyacity — Reiuediu, &c. ; vriUi otmervab'oQK on Piirtvr, A!e, Wine, 
. and Spint« ; metjMd of uiiidifp and prc§efviiig Brituh Wines, Cui^ial*, Sic. i 
iutw la detect Adiilteratioiui, Sic. iic. 



Ligts of London Porter, Ale, and Tahic Beer Brewers — ^DiatiUeni, Renlj&er*. 
and fianben — NatneB of Town and Cnuntr^ NewapaperB, witli the Days ef 
Publication; throiif bout the United Kingidora — M<i.Ni1ers and Malt Fatton — 
Al«, Porter, Cider, and Perry Merchants — Excise Office — Comiuiisiiiner»— 
AccoDiptants — Furrig-n Monies in Britiih Vnlne — Stamp Duties — Weiglitl 
of New Eng'liah CoiniifE — Population of the United Isles— 4>ay« of Traii^ 
, ferring or Aecepting- Stocks, or Government Securities — Titbles for Calcidi^ 
ing vnrioiu Arlicles of Spirits, be. — Quin'H Hydrometer, &c. &c. AppcBifal 
to which is a List of the Life Governiirs of the Licensed Victualleni' Sebikll, 
Dedictted to its Royal and Hauuurable Patron. 




MEDICAL ADVISER, 



GUIDE TO HEALT H AND LONG LIFE ; 

KSZTXS BT AXSX. BUZUVETT, M.S> 

tn Kwnbert Weekly, at 3d.; and Monthly Farts, alls. 

Each Niimbir eontiins Thirty-tiroCoInninBof Letter-presE, wiUiMie or man 

beautiful Wood Engraring^. — Price Threepence, 

^lenh (1/ A-o, /»",— Newly-liivtnltd Snr- 
Jnilriiintiit. HcxMehri. tkdiieiilan in 
ini; PuKHU. SoiE Throat. ChllblBlag. 



Tnntmem mill DriFMiMof Cbli>tHi>. 1 

Vnevil* »!«: Dimierby ili>-Ani>ii< 

Vanlmltn/Tfi'. 77.— (Ipn-itloilii fa 

t Nen Ndm, (Willi ■» EninviDB). 

-MnnnlAM))^- D^DCH Mm Fit 
«tunrt!hil<lr>n,»a.II. Ktxlrrf, Ttn-^..^.. 
Rained Oiiln. CdIiIhe 'ibf TbrnM. He A. 
Gnotwr, OB SHlH Scnipliig. HiBU la XiilcVTi, 
tuidEaivDn^tr. P^ni3«' TrEW.inHr J\ h- 
nii.iiDtUnicKiRT— THKijiii. Experlmenii 
on Rih. On Inlliinniiiliim. BleeiUiiE. Cnpploe, 
HMnwi. OMW™en'*K«m*tlW.«»inI-r!fl,»i:. 

-fl«ft««U-t nf Ao.177/.— U 'Jiofime, « piMt 
ftir Dokanwii Dead BoillM. Dlif dmi or cm- 

DlncHnM i^< i'rtniiAriinlirix 'Mnlldhc. Cow- 

IBT— EiDV.OIdWaR»D>>BM>Ed)««i>in!n>'l. 



■Mtnri.Gi.n*ftolWQ«w1. "l.„ 

Dnifr (mni n^aOc Acid. Tlic Flmv. 
tnultflnnln. To prerrtE ihs Pan ft^ 
[irEclxrfSDip. Women oM mtuUM 
ford TVcxI-inni. WlDc,Jli CtaanctHjo. 
piriini. PeitiilnBnixly. f9i>lien)a^-i m 





On ^diummer-day was puUhhed. price Ss.Gil, t ft txtra hoards, rmbetlished 
icilh Sixty Engravi»ss, 

KATIONAI. REC REATIONS. 

Our Rational Rbcreations, Boya. and Girl g too, sre published for your 
partkuliir use and benefit, and are intended to indulge jou wit.li — 

THE MOST MARVELLOUS SCIENTIFIC EXPERIMENTS. 
THE MOST ASTOUNDING FEATS OP LEGERDEMAIN, 
THE MOST PUZZLING NUMERICAL EXERCISES, 
and a thoiitand other superlative excellencies, which a perusal alune can Euffi* 
cienlly explain. 

Almost every pa^e of the work is adorned witli »n illoBtrative 'Ea^niing, J 
and the whole got up with a, regard to usefijliieBs and amusement ne^et er- 



i 



I.— DON QUIXOTE, with 2* 
humorous Eneravlngs. By CRUIK- 
SHANK. Two Volumes, price 10». ia 
boatdi. Thia Superb nnd Cheap Edi- 
tion may also be bad in Tkirty-Six 
Niunbera, price 3d. each. 

8.— Tlie best Trandatioii of LE 
SAGE'S CELEBRATED DIABl.E 
BOlTEUXi or, Devii. vron Two 
Sticks. One Votume. price Si. bda., 
«mlwiliihed HiUi Six beautiful En- 
giavingg. Also in Nunilieit, at id. 
each, conlaining Twenty-four pagaa of 
•olid Leller-preas, beautifuUy prinLe ' 
upon Fine Paper- CDld-pies9ed,atilche 
in B wrapper, and illuslraled by 111 
- most (■minenl Ailials, with linelji en 
euted Epgravings upo9 Wood. 

S.— SINCERITY; A Tale. By 

(be Aothor of " Ilachpl," " Pradi-ncF 
aod Principle," ■" The AiiiboreH," 
te.&c. 



>riln|dB|«ri 



" Tilt friri j> (be only ni»e worDi rudlnj, 
■bill hi! i|jrui>d UD lh<^ lutject or Mr. lirlnf .~ 

Sh ^ flie JVen tliwi, ArltiiA PrtM. 

fi.— A MOTH KR6 PORTRAI T, 

sketched anon after her Druesae, lot llie 
Study of her Childrno. By their ScR- 
viviNO Pminnt. I vol., IJmo., wilb 
a boautirui Piute, price 4i- Gil. boardi. 



— "— "-i'Ti _ _ 

teJalJiHUhhid.udU.w* 
:lraMm.~—Jrlm OiM. 



*r« TitMf gbicrveri ; ibc ipEciku arc itiu 
Ike p^.ud tbi ciamiaiitua vt all lb< 

er Urtklw hull. Tbc 6xttaa li Xanni aud 



..ftMlyrti 









4.— LIFE and WRITINGS of 
the Riv. EDWARD IRVING, M.A., 
*c. Ac. B; Jakeh Pi.EHiNa, Esq., 
M.A. Price If. Bd,, with a Pacliait, 

S.— T!ie TRIAL of the Rev. 
EDWARD IRVING, M.A. Tnnth 
EditioD. 8vi). price 3j>., with Five 
Foniaiu by Cruikihank. 

"TblapH 



felUodijt ««gi=tjif, Apr 

l(eanlhu.ba"toiil«ye1 11 

UFrlcnil'.Ajiiil.uia. 









oitli fft- •Ici.Di:. asd piiiily."-Pi''rl(, 

jv». r. 

7.— THE SPANISH DAUGH- 
TEB. B) the lale Bev. G. BUTT. 
Chaplain in Ordinary to His Majesty. 
Revised and Be-wtit(en by hiaDaiith- 
ler, Mrs. SHERWOOD, Authoress of 
" Slorica on the Church Catechism." 
"The Fairehild Family," *c.*c. In 
2 vola. poat Sva. price 16s. boardi. 

S.— LIFE AND GENIUS OF 
JJQRU BVRON. Bv SIR COSMO 
GORDON. Wilha I'onrail.andVicw 
of NaWBlead Abbey, 8vo, ptico Si. GJ. 

9._The COLLECTIVE WIS- 
DOM ; or, Sights and Stetchet in Iha 
Chapel of Si. Stephen; with Charaoten 
and Cuta of John Cam Hobhouie, 
Peter Moore, Richard Marlis, Eaqa., 
M.P.'a. The CuU by CkuiKbhahk; 
the Descriplions by a Member oC the 
Upper Benches. Bso. price U. M. 



lOi^bSLP to Ibd SCIENCES 
of UeohaBic*, Hjdtoilatic*, Paeama.> 
tici, Oftict, and Aitroaomjr ; pc«Kn(- 
tai ■ Omcin Exposition of the PriD- 
cipka of ncli, uid thair vacioui Pcac- 
llcal Apoliulion*. IllUBtiated bjr eb- 
inaroui Engtavingi. Adapted pacliea- 
Urlf to the uw of Mechaaic^ and 
Yonlh. Thewholedravnuprronilhe 
bM Amhoritiea. Bj ALEXANDER 
SIMPSON, A.M. WithPlateg, tt.6ii. 

Btrmtkj Cruior ud lili wwki in tIch. 

B> Iknc Iby Undy 

ll^DISCOURSES iviR DO- 
UESTIC USE; bylheRev.tl.LACET. 
In I voli. 8to. la.i. boaida. 

ISL— I'HE LIFE OP DAVID, 
KING av ISRAEL. By the Rev. H. 
Lamt. Id 1 TOl. ISmo. ii. bound. 

13.— I'liK HARMONY nv thb 
SCRIPTdHES VINDICATED 
"ctoryPaa 
;n Lectun . ^ ._ 
Bev. JOHH IJavter Cox. 8vo, Ti. Bd. 

I4.-nJESUS shewing MERCY. 
B7 tk« llBT John IlAVTSit Cox. A 
Daw Bdilias, improved. ISmo. St. Bd. 

' Wa lUali Ihit tbka 1H1I* pl«« ud itu- 
uit b* pit Mo ihe haaili of 
■—---•-'- |o|nittd«u- 



iblalkiplMviiiullilei 
IMlm Viicellamr. 

IS.— BIBLE HISTORY; or, 
Scriptiu« ill oirn laterpceter, illua- 
^' - ' * ■■ "■ ■■ the Deathof 



and enlarged, b; Mrs 



AslhoT of "Liltlc Bearf ud hia 
Bearer/'&c. ISran. kalf-bound.finU. 
ia.~ThtCABINET.MAkEa-r 
guide; to (he Art or VaraUhiDs, 
Djreine, JapainiBg, Poliihing, lAcitt- 
ing-, and BeautififinB' WoiM, Irany, 
TanoiieiheU,Braw,&c. &c.£c. ^iih 
HiiceltHneoiu Valuable ReceipU. 



olt.' 



17.— UNIVERSAL STENO- 
GRAPHV ; or, a New, Eat;, and Prac- 
tical System of Short Hand, is ISmo., 
viibPlatei, prices*. Founded opon the 
eeneral Priaeiplea ofthe late ioEanii — 
Mr.Sam. Taylor, ProfeMor of iTie S 
ence, alt he UniTenity of Oxford. To 
which baa baen added many ImproTC- 
meDiafromthe.best Writers. By Wil- 



h, ftvm IhtiT beUit tc 

tnl >ppe4r«d. Thi lilnplEcLIf ' 
fiif«i Ll coudMseiij which, by 1 

e«mp4u, uid «4r1i tu dkmtDaU 

M««l'° " " """""" 



or lbs b 



M/H Sdiiiw la caiaUiMd the Svmcb 
IT ifliMU W. Blaih, £tq., V ' 
LpililbhsdfnnBlilt UB. 

la— LORD BYRON-g WORKS 
viewed in connelion with Cliriitianity, 
and the obtigativns of social life; a 
SERMON delivered in Hulinad Chapel, 
Keonington, Jaly 4tb, isa4, by th« 
Rer. JouN STTLSa, D.D. 8*0. If. U. 

19.— SACRBD FUGITIVES, 
in Prow ttnd Verse. By E. UntvER, 
with a Prelace by J. Edmestaa, Esq. 
Extra boards, price it. 6J. 

aO.--CHILD'8 MAGAZINE, b; 
Mri. SiiEBWOOD. 1 irol.half-bd. lf.£(/. 



Messni. KNIGHT and L.i.C£Y will shorUy publish. 



i,— APPENDIX, or Sbcond 
Put, oftbe DESCRIPTIVE HISTO- 
RY or THE STEAM ENGINE, which 
will iochide Drawings and Descriptions 
of some additional recipioealing and 
iMBtory Eogines. The proportions of 
tbe peril afttae various Engines which 
have been described in the Fin ~ 



-Ihe VI 



iialix- 



iiig Motion, Hand-gear, Pumps, Cylin- 
d«n. Beams, and the details in general; 
with aome experiments on the stret^th 
of Cast Iron, and the application of the 
Bschatlical properties a( Heat in the 
Siean Engine*. 



Rattofthe Appendix isabeady in the all cLaasM. 



S. — NORTHERN ATHENS. 
Being a full and faithful Accnuot of the 
Men, Women, Tilings, Customs, Opi- 
nions, GoHip, Lave, Law, Literature, 
and BO forth, of that Metropolis. By a 
Modern Gbbbk. In I vol- post Sio. 

" ESIM, BulU'i caw •••«. 
Jktend Uij ovh. tbj ImIidj i^vol** 

3 — Mft. PIERCE EQAN wll 
in the oourse of (he winter, have ready 
for the Press, another Publication, onU 
culated to dispel gloomy .vapours, and 
promote baguer and ■ - - ■ 



Skortfy wiU be ptUtlukid, Part l.i price Is., of on extirely nwf 

Work, entitkd 

POPULAR MODERN GEOGRAPHY 
AND ASTRONOMY, 

BV ALEX. JAMIESON, L.L.D. 
IN TWO VOLS., 8vQ.. EMBELLISHED WITH FIFTY MAPS. 

SBE POPVX.AR MOII£RN GEOGILAPBT, 



Descrlptiai) oT the carinua Kin^duiiis o( tbe World, the Cuitoms, Mannera. 
GovernnieDU, ani Reli^tim of their InlmbitHnlti. Thr Natural Productions, 
Commerce, Political Relations, and Colonies iif eauli Ciiimtry . 

The whole lllMlrafrd by an Atlat of Thir-ty-six Mapn. 



POFUI.AR ASTRONOMY; 

OR, 

THE SYSTEM OF THE UNIVERSE: 



And Sltulraleit by Faurteen Maps of the Ceteitial Bodin, oadmumtraus 
Diagranu o« Wood ; 

^gsital, itUcbantcnl, antr JStatj^cmstiial eSiogcapgg. 

ratema of the Sister Sden 
■r presented to the Public, 

Each NuBibcr of Ike Work will ountnin Four ShealB of Lett*r-[ 
one Map or Plate at lenet ; and It will be priuted in a Rne iicn- Type, and on 
a BUperiur Paper. Ths W^ork will be completed in Thirty Parts, thuD 
making it the cnenpeet Oeogfrapbieal and ABtronomical Systeina extant. 



In ISmo. price 2s. Qd, boards, 
THE 

ART OF BREWING, 

ON SCIENTIFIC PRINCIPLES. 
Adapted to the Use of BRBURna and Privats FAiwiLiEa ; with tha Value 
anil Importance of tlie SAonHARoMureit. The whole Srateui of AtB, 
Tablr-Bbbr, and Porter Brbwino, and the Names anil ProportioM of 
the rarious [ngredienta used bj Porter Brewers (but prohib-ited by the Excise) 
made Public. Tu which is ailded, Directions fur making Cidrr, Pbrrt, 
HoMB-MiDR WiMEs, lie. Sec. Together with an Abstract of the New 
Brewing Act. 



* **'*-^^— ^•'"''~''*'^*"~"^^-"-~r'*~i ~ " ~ i ■ " ! ■ • ~ ~~ ' ' I f i -ir i ~n- i -)r - i«iiMrii~«1"~if"i~i«~i'*'ii'^ r i .O*' i f i ~ i i-i'% T' y r ^n" ~ ' »'^^^»'*^^« ^ '»**»«X»rf>>*<Mli^w 

TOTAL ALTERATION IN WEIGHTS AND MEASURES. 

7b Mmglstrmtet, HfercJumts, DistUUrSf Brewers^, ReetyUrs^ Wmrehsusemen, Mmttstmrt, 
WiH€ Merchants t SoUcUors, Stewards', Faefrt, Grocers , Cheese and Provision JHonger*^ 
Chewrists, DrHggUts, and Avolheearies, Otapers, Coppersmiths, Farmers, Com and Coai 
Factors, Rope Xfakers, Builders, Carpenters, Architects, CatHnct Makert, in short, to 
aU Persons who have occasion to hmig or sett 6y ff^eight or Mkasure, or whose Buotness 
eosmprises Mensuration of ang Description. 

PURSUANT TO AN ACT OF PARLIAMKNT, H hu been decine<1 n/eetMry that Weiehts 
and Meatures khonld be Jait and aairorni ; and altbongh the Great Charter ha» ordered that the 
tame Meauires shall be ased thronehont Great Britaiu, yet Tast difference has exist(d,.and doea 
«iM, in the Sik« of Weitihts.and MeaMrea—preveDling a tnie Standard of Measare, and causing 
cMitaslon and frands. To remove these evils, it has been enaetedi that certain: Standard Weights 
and Measures shall be esli^lisked\\\GrHntQT\u\ti,iTe\AiiAf&.ci: - . 

In formiif^ this Standard, the scientific Gentlemen of the Commiision^had many difficulties to 
contend with.. The calculatiuus were almnst iniiomentble, and not to be effected unless exclnsive 
attention for m.iiiy months had been afforded.. Some among them, of coarse, ,were better than 
others, but they were alL deemed defective : itnd it was not uniil Mr. Gaiieridge submitted his 
syiienit that the clauses regulating the Standard were introduced. The Act was yasted in the last 
Seninn of Parliament, and commences being a Law on the Ist uf Hay, 1825. 

The alteratiens are of such a nature, that tlie nttnost confusion wiil result among Dealers, nnless 
they devote their attention to the snbject, before (hey .are obliged to reject habits that have grown 
with tliem. and ad«*pt others exactly opposite. Tiiere are penal cla^ises provi(}ed. for those who sliall 
icil (after May 1, 1825,) by other Weights and Measures than the Standard as enacted. 

Mr. Gutteridge's plan has been approved of, as the one best adapted for the public good; and he 
hat constructed the Tables ordered by the Act, for the Customs and Excise ; also the T&blks or 
Equalization, bt which only the valite of the goods wbighbd and mbasdrbo by the 
'* Imperial Standard" can bb asubrtainbd; and by which Tablb», after.the 1st of May, 
1883, ALL PAY.«ENts MUST Bii rzoulatcu. The " InFBRf A L Rou" has been adopted, and 
has been deemed by Dr. Gregory, Profv«sor of Mathematics at the Royal Military Academy at 
Woolwirh, aoc^by (vaptain Kal6r, CuMMissioNEK of Wriohis and MLAst;iiES, President of 
the Board of Loiii;itiule, t\R.S., fkc, (and who exclusively made all the calculations, and laid 
down the data which Mr. G. oas reduced to a practical system,) tu be the ihost valuable Com mer> 
cial Instrament in the world. In this opinion they are supported by Dr. Macdonnell, F.-T. C. D., 
Dr. Wm. Mas;inn, Ij.L.D. of Cork, the venerable Wte Archdeacon of Cork, John Lecky, Esq., 
Astronomer of ihc Cork Royal histitntion, and, in tinih, by a vast nurmber of Gentlemen eminent for 
tlieir extensive scientific Icuowledge. 

It must be obvious, that any Trade or Occupation mentioned in the opening of this Prospectus, 
must l>e provided with these '* Tables of Equalization," and also.wiili the ** imperial Rott." With- 
out them NO ONE CAN CALCULAfE TH£ RKLATIVB VALUB OF GOODS; HK WILll BB lONO* 
RANT OF HIS BUSINESS; WILL BB THK CONSTANT TICTIU OP TUB INFORMER, AND TUB 
WILLING INSTBUMBNT OF HIS OWN LOSS, FBRHAPS RUIN. 

' Tbe-fbllowing are among |the Testimonials submitted, with the Plans and Instrhments, to which 
tbey.refer, to (>'aptain Heory Kater — and ;hat Gentleman, after bestowing great attention Jo the 
snbject, has authorized Mr. (jutteridge to make public his most nuqnalilied approbation. 

l,-^Testimonial qf J)r, Gregory f Prdfetsor of Mathematics of the Bogal Military Academy, 

H^oolwich. 

(Copy.)— ^ I kereby certify, that Mrw Wm. Gatteridgf basiabmiiiedtto my inspection, •« instm* 
meot of his invention, which he dcnominales the Jtnperiat Rod ; by the use of which he proposes 
greatly to shorten the necessary eoraptttations for limling the conients, in Gallons or Bashels; of 
cylindric, conical, and other vessels; of oorB'bios, nialt«Boors, tkc. In Ibis ingenious invention, by 
means of n new graduation, instead of that into inchii nnd decimals, a gradaation scientifically 
connected with Uie theoretical rules for Indiag the several capacities, the computer may, inmost 
cases, abridge the calculations by abont their half, and in some cases still more ; while, if the 
dimensions be accurately talien witli thfB New Rod, Ihc rosniu of the calcalations will be as correct 
as ean be obtained by any other process. 

" Royal MUUary Academy, Woolwich, " OLINTHUS GREGORY, 

July \2th, 1824." * Professor of MalheniaUcs." 

' ll.—Extractfrom a Certificate of the Rev. Dr. MacDonnell, Fellow of Trinity CoUtge, 
Dublin i dated Trinity College, Dublin, 'iOth August, 1820. 
In rtferenee to the A'«fi> System o{ Mensuration, '.this learned Teacher of Mathematies says, 
that ** it is to me qntte new ; at the same time so simple and so useful, that it appears to me 
stranye that it should not before have occurred to practical men," and, *' in determining the capa* 
city of cylindeis, supersedes much arithmetical calculation, and renders the answer as readily as if 
the capacity *»f a Parallolopipedoii were desired." That it '* is, in principle, equally applicable to 
the present Standards, or any others that mey be adopted.** And, in reference to the TABLES OP 
EQUALIZATION and CONVERSION, that, " VVHRNEVER A CHANGE OF GALLON, 
&c., IS MADE, SUCH A SET OP TABLES WILL BE REQUISITE FOR THE DESPATCH 
OP Ua.SINESS." 

111.— Testimonial of William Maginn, Esq., LLD. 

" I have examined Mr. Gutteridge's Tables and' Instruments, and consider the former India- 
pensabkf under the new Regulations of Weights Mnd Measures, and the latter highly ingenious and 
useful. It is impossible to examine the Tables without being struck by the patient and laborious 
assiduity which has produced such completeness and accnracy in every department. The instrn« 
ments are in every respect decidedly superior to any now in use. , WILLIAM MAGINN.** 

•* S,Marlborouih-iireet S., Cork, June 9, 1883." 

These " Tables of Eqnnli/.atiot)," together with new Theoretical Rules, scientifically connected 
with the " Imperial Rod," in two vols, by the same Author, are published by MesArs. KNIGHT 
. and LACEY, 55, Palcrnoster-Row, of whom may be had thelMFSRtAL Rod. 
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